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ABSTRACT
.Fertility and neuroendocrine function are disrupted by energetic challenges in
many male mammalian species. The mechanisms that link energetic challenges to-
reproductive behavior and physiology remain unknown at this time. We have begun
to explore the sensitivity of the male reproductive system to metabolic challenges·
imposed by short-term fasting using Syrian hamsters (Mesocricetus auratus) as a r
model system.
In the- first experiment, I assessed the influence of female hamster vaginal
(FHVS) secretion on LH plasma concentrations in ad-libitum fed male Syrian
I
hamsters in the Schneider laboratory. Contrary to previous studies, the results of the
present experiment demonstrated that plasma LH concentrations did not increase
following a 60-min exposure to FHVS scented cotton swabs when compared to clean
swabs..
The second experiment was designed to examine the effects ofacute food
/
deprivation on reproductive parameters in lean-, medium and fat m~e Syrian
hamsters. Specifically, we were interested in investigating the patterns of male
mating behavior and post-copulatory T and LH secretion following a period of acute
food deprivation. There appeared to be a trend toward fasting-induced suppressionof
mating behavior in the lean hamsters. Interestingly, fasting improved the behavior of
fat hamsters. Lean body composition and fasting both had adverse effects on
steroidgenisis. The post-mating plasma concentrations ofT and LH were not higher
in any group. The trend toward effects of fasting on male mating behavior le-d me to
replicate experiment 2 using lean and fat hamsters with an increased sample size. In
1
contrast to the findings of experiment 2, the behavioral results did not reveal any
differences between the groups. This discrepancy in behavioral data can be explained
,by the unusually high body fat content of the lean males iIi experiment 3. The post-
mating plasma cClncentrations ofT and LH were not significantly elevated in any
group. There was a general suppression in plasma LH post-feeding manipulation: and
post-behavioral test, an effect that was mostly pronounced in the lean group.
Collectively, these experiments suggest that male sex behavior and
steroidogenesis are susceptible to the adverse effects Of food deprivation following
. .
severe depletion ofbody fat stores: This susceptibility might depend upon a
combination of~ody fat content.and metabolic efficiency. Male hamsters may be less
sensitive to the &uppressive effects of fasting than their female conspecifics. In
addition, the exJ1,ibited post-mating ~eflexes in plasma T and LH might be specific
only to certain breeds ofhamsters.
2
_____Reproductive success in most mammalian species is dependent on several
environmental factors, which include food availability, ambient temperature, and in
some species, the seasonal fluctuations in day-length (reviewed in Bronson, 1989;
reviewed in Schneider & Wade, 1992; Reiter, 1974; Young, Zirkin & Nelson, 2000).
The most influential regulator of fertility, however, is food availability (reviewed in
Bronson,1989). This phenomenon has been demonstrated ina diverse group of
mammals ranging from laboratory rodents to humans (reviewed in Bronson 1989).
Wade and Schneider have extended this idea by the demonstration that adult
ovulatory cycles are responsive to a deficit in availability of metabolic fuels (Wade &
Schneider 1989; Schneider & Wade 1990; reviewed in Wade, Schneider & Li, 1996;
reviewed in Schneider, Zhou & Blum, 2000). Thus when the demands for energy
expenditure are.high and the supply of metabolic fuels in the form offood or body fat
is low, energetically expensive processes such as reproduction and somatic growth
are inhibited or delayed. This adaptive response' allows organisms to conserve energy
for events that are directly related to survival, postponing reproductive activities until
ample resources are available (reviewed in Bronson, 1989, reviewed in Bronson
2000). Nutritional infertility is generally reversed if an animal is able to gain access to
an adequate amount of food or when energetlcdeIl1ai1dsuecrease.··
In humans, this phenomenon is exemplified by the high prevalence of
neuroendocrine-related disorders reported to occur in female athletes and dancers and
, -
in women afflicted with anorexia nervosa (Frish & McArthur, 1974; Frish, Wyshak
& Vincent, 1980; Loucks & Horvath, 1985; Loucks, Verdun & Heath, 1998). This
sub~population offemales generally engages in a~!!yities that result in a
3
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disequlibrium between energy expenditure and intake. Under such conditions, the
energetic demands are not offset by their caloric intake. The most prominent clinical
manifestation of these events is amenorrhea, which is a cessation ofreproductive
function. T~is condition is generally reversible if energy homeostasis is restored such
as when the female consumes an adequate amount offood in proportion to her
physical activity. Similarly, in one ofthe most prominent and replicated food-
restriction and fertility paradigms, Morin (1986) demonstrated that laboratory female
Syrian hamsters, experienceda period of acyclicity if fasted for 48 h ~n days 1and 2
ofthe estrous cycle. These days correspond to the time in the cycle when follicular
.
maturation is still in progress. Hamsters resumed normal reproductive function once
permitted to return back to an ad-libitum food schedule.
As evident by the vast amount ofliterature available on female related
nutritional infertility, for many years, and perhaps still to this date, the scientific sub-
field ofthe control ofmetabolic fuels on reproduction, has predominantly focused on
the effects of energetic challenges on the female hypothalamic-pituitary-gonadal
function. This female-oriented pattern of interest partially existed because the typical
female-related reproductive eve,nts (such as lactation and pregnancy) have been
~ .
viewed as some ofthe most energetically costly physiologicaI processes. In addition,
, .
in the more recent years the popular media has begun to allocate a significant portion
of coverage to eating disorders, which have stereotypically and often erroneously,
been associated exclusively with females. Furthermore, several earlier laboratory.
------ J .--~- .
."·repotisn.a<fsug-ge-sted-that·spermatogenesis-incertain·inbred-strains.ofadultmale
---mammals-appearsJo.be.relatively insensitive to the adverse effects of caloric
------_._--_._-- .- ...--
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deprivation (Grewal, Michelson & Hafs, 1971; Howland, 1975). To some
. "\ ,\
investigators these findings suggested a dichotomy in female "and male gonadal
response to energetic challenges. The critics of these interpretations, however, .
contend that these investigators often failed to examine the association between
testicular response to food deprivation in the context ofthe ecological and .
reproductive .characteristics of an animal model (Blank & Desjardins, 1983; Blank &
Desjardins, 1985). For example, earlier studies demonstrated that testicular function
. .
of male house mice was unaffected as a function of food deprivation (Grewal,
Michelson & Hafs, 1971; Howland, 1975). Blank and Desjardins (1983), in contrast,
subjected adult males of two different animal models to a 30% reduction in food
supply for 5 weeks. This regimen resulted in a significant decline in spermatogenesis
of male deer mice but exerted no adverse effect on the testicular function of the male
house mice subjects. In an identical follow up investigation, the testicular and
pituitary status ofthe male house mice was not altered bythis energy manipulation.
The deer mice, however, experienced impaired spermatogenesis, which was
accompanied by a decline in plasma iuteinizing hormone (LH) and testosterone (T).
They suggested that.examination ofthe testicular response to food deprivation must
occur in the context ofa species life history, and specifically, its ecologicaI-~---'--'-----
characteristics. For example, when house mice experience a drastic decline in their
food resources, they tend to migrate to locations where food is more readily available
(are~ populated by Homo sapians). Thus there does not seem to be the need for
alfered reproductivetUnctions. -Conversely;-when-faced-with-food· deficits,-deer.mice
5
do not migrate to new locations hence have adapted differenfreproductive responses
to cope with food deprivation.
In addition to these classical experiments, recent laboratory and clinical
reports suggest that the pituitary-testicular axis ofmany species is not insensitive to
energy manipulation. For example, in men sexual desire and reproductive
neuroendocrine function are inhibited by energetic challenges such as under-nutrition
.and excessive exercise (Hoffer, Beitins,'Kyung & Bistrian, 1985; Lee, Wallin,
Kaplowitz, Burkhartmeiser, Kane & Lewis, 1977; Klibanski, Beitins, Badger, Little
& McArthur, 1981; Rodjmark, 1987; Smith, Chherti, Johanson, Radfar & Migeon,
1975). This is evident in the significant decline of serum levels ofLH and T in
healthy young men following a short-term period of fasting, suggesting Leydig cell
and pituitary dysfunction. A number of laboratories reports have demonstrated that
several male rodent species undergo testicular regression in response to limited food
availability, which is mediated by apoptosis of the testis (Young, Zirkin ~Nelson,
2000). 'Food deprivation has been used experimentally to examine the effects of
fasting on reproductive parameters in males. In general the collective data suggests
suppression in circulating levels of reproductive hormones of intact fasted males
'I.
including mice, rats, sheep and primates (Badger, Lynch & Fox, 1985; Bergendahl,
Perheentupa&Huhtaniemi, 1989 & 1991; Blank & Desjardins, 1985; Schreihofer,
Partfitt & Cameron, 1993; Cameron & Nosbish, 1991; Cameron, Weltzin, McConaha,
Helmreich & Kaye, 1991; pong, Bergendahl, Huhtaniemi & HandelsmaIl;t 1994;
Howland & Skinner 1973;Pi~ & Spyra, 1981; Root & Russ, 1972). Recently,
Nagatani (2000) notedthat the male-typical mating behaviors such asanogental
6
investigation, mounting, intromission and ejaculation in mah~ Syrian hamsters were
almost completely abolished when the animal experienced ~ four-day fasting period.
Collectively, these reports clearly demonstrate a cascade of male neuroendocrine and
behavioral alterations in response to food restriction.
The Hvpothalamic-Pituitary-Testicular Network
Each component of the hypothalamic-pituitary-gonadal system is responsible
for the production and release of its unique hormones. These chemicals exert direct
. and indirect regulatory effects on their target organs. In 'addition, each level of this
system is under feedback regulation. Gonadotropin-releasing hormone (GnRH) is
classified as a, decapeptide and is produced by GnRH neurons residing in the
forebrain. Specifically in the male hamster, GnRH neurons are located in the preoptic
area (POA), .the diagonal band of Broca (DBB), the organum vasculosum of the
lamina terminalis (OVLT), and the medial septum (MS) (Richardson, Romeo & Sisk,
1999). Under the appropriate physiological conditions, GnRH (also referred to as
luteinizing hormone releasing hormone) is transported to the anterior pituitary gland .
via the hypophyseal portal system where it binds to the membrane receptors in the
anterior pituitary. This prompts the release of luteinizing hormone (LH) and follicle
, stimulating hormone (FSH) from the anterior pituitary. The necessity of GnRH
I
function is evidenced by the stimulatory effects of exogenously'administered GnRH
on LH and FSH secretion, and the loss of LH and FSH secretion in'animals treated.
with antibodies to GnRH or antagonists specific to GnRH receptors (Berge~dah1,
Perheentupa.& Huhtaniemi, 1991). The stimulatory effects of GnRH on LIl release
" .
. f
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/into the periphery has been demonstrated in clinical observations where exogenous
pulsatile GnRH administration to men results in an elevation of these gonadotrophs
(Rodjmark, 1987; Veldhuis, Iranmanesh j Evans, Lizarralde, Thorner & Vance, 1993).
LH facilitates the synthesis and release of the primary testicular. product,
testosterone (T) from the Leydig cells of the testis. FSH binds to the Sertoli cells in
the testes and aids the actions of LH on the testes, by prompting the devel~pment of
LH receptors in the Leydig cells. Although, for many years FSH was considered to
be the principle hormone in the regulation of spermatogenesis, it has become evident
that the initiation and maintanance of this process, requires the simultaneous presence
o~T and LH (Troen & Oshima, 1981).
As mentioned previously, the HPG system is additionally regulated in a
feedback manner. For example, via a short-loop feedback system testosterone and/or
its metabolites exert suppressive effects on the secretion of LH and FSH. However,
testosterone's suppressive effects on FSH are generally observed only when large
exogenous doses of these hormones are administered. Furthermore, the Sertoli cells
synthesize two polypeptides, actin and inhibin, which serve to stimulate and inhibit
FSH secretion respectively. In addition to the short-loop feedback system,
-lest6sterone-inhibitsthe-activity-of-the-GnRH-neurons-via-a-long-Ioop-feed~ack~ _
system. In summary, when a certain physiological concentration of LH and GnRH
has been established, T acts to suppress the further release of these hormones
resulting in the appropriate endogenous environment. Furthermore, it appears that the
hypothalamus__CQDtrols its_oWti_G!!IDI}e~~!!~~}nan auto~i'egulatoty-manner-(lroen---
& Oshima, 1981). In many species, testosterone acts via its metabolite; estradiol, to
8
regulate GnRH activity. Testosterone is aromatized via the enzyme aromatase, to
estrogen within the central nervous system (Freeman & Rissman, 1996).
It has been suggested that male Syrian hamsters exhibit a significant decrease
in sensitivity to the inhibitory effect of T on GnRH activity when entering the
pubertal stage. Intact juvenile hamsters display lower levels of circulating GnRH (as
reflected in LH levels), FSH, and gonadal T (Richardson, Romeo & Sisk, 1999). As
males progress from the prepubertal stage to puberty, the concentrations of these
gonadotropins· increase despite the elevation of testosterone levels. Thus it appears
that male hamsters become relatively unresponsive to the negative control of T. In an -
effort to assess the specific GnRH neurons that might be responsible for the elevation
of GnRH levels during puberty, one study compared the concentration of GnRH -
immuno-positive (GnRH +) neurons within specific subpopulation of GnRH
containing neurons in juvenile and adult male hamsters (Richardson, Romeo & Sisk,
1999). Adults showed a decrease in GnRH + cells in the DBB/OVLT and MS. The
GnRH containing neuron concentration did not differ within the POA for these two
groups of hamsters. The investigators suggested that Berhaps the diminished
concentration of GnRH + cells withinDBB/OVLT and MS in adult hamsters could be
a result of elevated GnRH secretion and hence lower somal levels. Alternatively,
and/or additionally, these specific GnRH neurons might cease to secrete GnRH when
entering adulthood. In addition, it is possible that the initiation of a life-changing
event such as puberty requires this subpopulation of neurons to become activated. In
a-follow-up experiment, they-examined pubertal changes in expression of the gene
that encode GnRH peptide. Consistent with their predictions, they discovered an
9
elevation of GnRH mRNA expression in DBB/OVLT, MS, and POA (Richardson,
Romeo & Sisk, 1999).
Temporal Distribution ofSerum Luteinizing hormone and Testosterone Secretion
Male rodents exhibit periodic, spontaneous peaks of circulating testosterone
(T) and luteinizing hormone (LH) throughout the course of the day (Coquelin &
Desjardin~ 1982; Ellis & Desjardins, 1982; Sisk & Desjardins, 1986). In a
pioneering experiment, Coquelin and Desjardins (1982) successfully documented LH
and T secretory patterns in male mice. -- In contrast to t~e inconsistent results of
several earlier experiments that merely relied on infrequent sampling procedures, they
established-LH and T discharge patterns by employing intra-atrial cannuals via which
blood was extracted at 5 min intervals for 8-12 hoUfSfor ea~h individual animal.
This experiment revealed that basal concentration of plasma LH (measured at
20 ng/ml) would periodically.reach a peak (200ng/ml) followed by a gradual return to \
basal concentration. There appeared to ~e a temporal pattern of plasma LH and T
such that at certain points, a LH reflex was followed by a significant rise in plasma T
concentration. Specifically, there exists an intermittent release ofpulsatile LH, which
is sometimes proceeded by-a-peak-in-plasma T c-OOGentFatien.-The-dis6haf~LH _
for adult male mice was estimated to be approximately eight pulses for a 24-h period.
Eventually it became evident that the pulsatile characteristic of LH probably applies
to most mammalian species. Accordingly, intact male .rats, hamsters and ferrets
------
display this episodfc-atidtemporw _p~!terriofLKand-Trelease-mIa-tEe periph-eral- -- - -
circulation (Ellis & Desjard~ns, 1982;Sisk& Desjardins, 1986). In castrated male
10
--~-------
ferrets, rats, mice sheep, cows pigs and hamsters, as well as in human and non-human
primates a dramatic increase in plasma LH is detected, ,which suggests that at certain
endogenous concentration, testosterone has a suppressive effect on pituitary activity
(Sisk & Desjardins, 1986; Swann & Turek 1988, Troen & Oshima, 1981).
Collectively these data provided an understanding of the hOlmonal communication
-between-the pituitary gland and the testes.
The Influence ofPheromones on LH and TSecretory Patterns
- . .
In the absence of female conspecific' olfactory and! or tactile cues, males of many
. ., .
species exhibit periodic;-slmntaneous peaks of circulating luteinizing hormone (LH)
and testosterone(T) throughout the course of a day (Coquelin & Desjardins, 1982;
Ellis & DesjardIns, 1982).
In males of many species, substantial increases in plasma levels of LH and T
have-been reported during and following copulation or the mere exposure to female
phermonal stimuli (Coquelin & Bronson, 1979; Goquelin & Bronson, 1980; Johnston
& Bronson, 1982; Marcides, Bartke, Fernandez & D'Angelo, 19.74; Parfitt,
Thompson,Richardsol1:, Romeo & Sisk, 1999; Pfeiffer & Johnston, 1992; Pfeiffer &
Johnston, 1994; '"Romeo,Parfltt, Richardson & Sisk, 1998). The functional
,-' mecn.liilism of these hypothalamic-pitUitary-testicularcrumges in response to such
stimuli remains unknown. It is possible for example, that the female-induced
elevations of thes.e hormones act to enhance sexual motivation and appetitive
behavior in males, wh~ch ultimately -results in the full expression of copulatory .
-._- "
behavior. Specifically, male Syrian hamsters exhibit a surge-like increase of serum
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-LH and T, 60 minutes following the presentation to a receptive female or the vaginal
secretion of a female in estrous. In one experiment, Parfitt et al (1999) investigated
the association between female phermonal signals and secretory patterns of plasma
. LH and T i~ male Syrian hamsters. Each- male subject was provided with either a
clean cotton swab, or aswl;lb that was scented with the vaginal secretions of a female
Syrian hamster. Following the treatment, the subjects were sacrificed at 15,30,60 or
120 min intervals. The control group consisted of males that were sacrificed prior to
the presentation of cotton swabs. Post-exposure cardiac blood samples were collected
and analyzed for plasma LH and T using radioimmunoassay. The results
demonstrated that the reproductive hormones steadily increased following exposure
to the vaginal secretions and reached peak concentration at 60 min. Thus the males
that were permitted to interact with the vaginal containing swabs for 60 minutes
displayed the most pronounced increases in plasma LH and T concentrations (parfitt,
Thompson, Richardson, Romeo & Sisk, 1999).
The Mechanisms Underlying Nutritional Infertility
A stressful event such as, under-nutrition can potentially result in the
suppression of any or all levels of the hypothalamic-pituitary-gonadaraxis-(reviewea-----
in Wade, Schneider & Li, 1996)~ In general, fuel deficiency alters the pituitary
testicular function via a cascade of endocrine alterations. In males of many species,
these adjustments have been reported to include declines in spermatogeJ;lesis,
steroidogenisis, and diminishing levels of plasma LH, FSH, and T (Badger, Lynch &
Fox, 1985; Bergendahl, Perheentupa & Huhtaniemi, 199.1; Schreihofer, Parfitt &
12 ,/
Cameron, 1993; Cameron & Nosbish, 1991; Dong, Bergendahl, Huhtaniemi &
Handelsman, 1994; Howland & Skinner 1973; Pirke & Spyra, 1981; Root & Russ, J'
"
1972, Rojdmark, 1987).
The relationship between short-term fasting and the pituitary-testicular system
has been investigated in numerous clinical studies. In one experiment, male subjects
ranging in age from 19 to 40 years of age were subjected to an acute fasting period of
48-h fasting, 56 h fasting with oral administration of glucose, or 56 h fasting with
intrevavenous delivery of GnRH (Rojdmark, 1987). The results demonstrated a
significant decline in basal LH and T for the fasted group. However, the group of
fasted men who were permitted to ingest oral doses of glucose did not display the
blunted LH and T patterns. In addition, GnRH administration resulted in an increase
of baseline plasma LH (as early as 24 h post fasting) and T (56-h post-fasting). The
investigators suggested that short-term fasting has adverse effects on Leydig cell
function, as was evident by the sharp decline in testosterone following a 56-h fasting
period. It was concluded that short-term fasting exerts its adverse effects both on
testicular health and on the' hypothalamic pituitary network, which was reflected in
the blunted LH levels (Rojdmark, 1987).
A clinical-field study examined the effects of protein caloric-malnutrition on
the pituitary-gonandal function in 28 men ranging in age from 28-51 who were
recruited from various locations in Calcutta, India (Smith, Chherti, Johanson, Radfar
& Migeon, 1975). These su~jects were diagnosed with severe clinical malnutrition
.
with no additional clinical conditions. All subjects displayed significant
hypogonadism indic~ting testicular dysfunction. This was demonstrated in the
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significant lower levels ofbound and unbound T compared to control subjects. When
these patients were re-fed an adequate amount of food for 2-5 months, their clinical
parameters showed drastic improvements. Interestingly, in contrast to many other
reports, the malnourished subjects in this study displayed elevat~d levels of plasma
LH. The authors suggested that this elevated LH pattern could have served as a
compensatory mechanism to improve the concentration ofT..
In an attempt to examine the potential mechanism by· which under-~utrition
results in diminished reproductive parameters, Cameron et al (1993), assessed the
effects of a one-day fasting period on LH and T secretory patterns using adult male
rhesus monkey model system. The choice of a larger animal model allowed the
,
investigators to control for excessive blood loss and weight loss, which is generally
observed in smaller laboratory animals. Plasma samples were obtained via chronic
indwelling catheters. Blood samples were collected on day 1, which was considered a
normal feeding day, day 2 which consisted ofthe fasting phase of the experiment, and
day 3 at which point the subjects were re-fed. The relatively short phasic starvation
was chosen specifically to control for potential weight loss. This was an attempt to
evaluate several earlier hypothesis suggesting that the aqverse effects of food
restriction is mediated by extreme physiological events suoh as body weight loss or
diminishingJevels of fat reservoirs. Alternatively, certain physiological changes that
occur during the .initi~ stages of starvation might serve as a signal- to start the
suppressive e~fects on the hypothalamic-pituitary-gonadal network. Furthermore,
these signals may operate independent from the· availability of adipose reservoirs:
These potential suppressive, effects in· turn, become more pronounced and severe as
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an animal experiences longer periods of under-nutrition. The results of this study
,
demonstrated that despite the short period of food restriction, adult male rhesus male
monkeys displayed diminished LH and T secretory patterns. The suppressive effects
of under-nutrition were readily reversed when the monkeys were fed on day 3 of the
experiment. These findings sl;lggested that weight loss or a substantial reduction in
adipose reservoirs is not necessary in order for the food restriction to have adverse
effects on reproductive-related event (Schreihofer, Parfitt & Cameron, 1993). In
/ order to increase the external -validity of these findings, Cameron et al (1991)
examined the effects of acute fasting in young healthy men. By comparing blood
samples collected at fS-min intervals on day 1 (fed state) and day 3 (48-h post
- fasting), they demonstrated a significant attenuation in plasma LH, FSH, and
testosterone concentrations as a function of fasting. Furthermore, they assessed the
hypothalamic-pituitary-adrenal system.by measuring cortisol concentration in the
collected blood samples. Np-differences in plasma cortisol were discovered between
the fed' and the fasted states. This finding is especially valuable since it largely
excludes the hypothalamic-pituitary-adrenal network as the modulator of the
suppressive effects of fasting. Accordingly, it appears that the stress of fasting is not
the contributing factor to the depressive effects of food restriction on reproductive-
related m~asU:res, but rather a deficit in energy (Cameron, Weltzin, McCohana,
Helmreich & Kaye, 1991). Consistent with these results, Loucks et al (1998)
obtained blood ~amples at lO-min intervals over a 24-h period from young healthy
females that were subjected to simultaneous decrease in caloric intake and an increase
in physical activity. The results reyealed that LH pulsatility was not disrupted by the
1"5
stress associated with exercise, but were blunted as a result of low energy availability
(Loucks, Verdun &Heath, 1998).
It has been suggested that the hypothalamus is the most influential neural site
that mediates the effects. of fasting on the pituitary-gonadal function. The
hypothalamic gonadotropin-releasing hormone (GnRH) pulse generator acts to'
integrate neuronal, metabolic, and hormonal signals, hence it is not surprising that the
HPG system is affected by a large array of environmental variables. The GnRH pulse
generator is located in the hypothalamus and dictates the rate at which GnRH is
secreted, which, in turn regulates the se~retion of gonadotropins LH and FSH, and
subsequently gonadal T (Troen & Oshima, 1981). Specifically, dietary restriction
appears to exert direct suppressive effects on the GnRH neurons that are situated in
several forebrain regions (as discussed above). Laboratory and clinical data indicate
.~
that the disruptive property of undernourishment translates into a decline of pulsatile
GnRH release as is reflected in diminishing LH levels (Badger, Lynch & fox, 1985;
Dop.g, Bergendahl, Huhtaniemi& Handelsman, 1994; Hoffer, Beitins, Kyung &
Bistrian, 1985; Lee, Wallin, Kalpowitz, Burkhartmeiser, Kane & Lewis, 1977;
Klibanski, Beitins, Badger, Little & McArthur, 1981; Smith, Chherti, Johanson,
Radfar & Migeon, 1975; reviewed by Wade, Schneider & Li, 1996). As discussed
previously, this condition of blunted LH secretory pattern can be revet:sed with the
administration of exogenous GnRH. For example, fasted adult male rats treated with
pulses of endogenous GnRH exhibit .an increase in plasma·concentrations of LH,
.. .
FSH, and gonadal steroid hormones (Bergendahl, Perheentupa & Huhtaniemi, 1991).
In one experiment prepubertal female rats' were kept on a regimen, which resulted in
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body weights that were 45% of their expected 50-day body weight (Bronson, 1986).
They demonstrated a decline in uterus and ovarian weights and failed to display LH
pulsatility at 50 days of age. When provided with ad-libitum food, however, LH
pulses were detected as early as 12 h post-feeding. Furthermore, the mere
adminIstration of GnRH resulted in the complete pubertal development suggesting
that the major adverse effects exerted by food restriction are the alteration of GnRH
secretion. Additionally, one experiment demonstrated that metabolically challenged
female Syrian hamsters; display a significant reduction in the expression ofFOS-like
immunoreactivity (A marker of cellular activity) (Morgan & Curran, 1991), in the
GnRH neuron population that reside in the caudal preoptic area (POA) (Berfiman,
Wade & Blaustein, 1992).
Thus, experimental under-nutrition has been commonly used as a model to
investigate the effects of inadequate food consumption on the hypothalamic-pituitary-
gonadal network. With the exception of some inconsistencies, most experiments
designed to examine the erlects of nutritional deficiency, report suppression in
gonadotropin release from the anterior pituitary. The potential mechanisms
underlying these hormonal changes, however, are largely unknown. In an attempt to
examine the molecular mechanism underlying short term fasting, Bergendahl et al
(1989) designed a pioneering experiment, which allowed them to gain ins'ight to the
changes in pituitary hormone gene. expression and receptor levels in male rats that
were subjected to a 4-6 day fasting phase. The reported data demonstrated a 50%
decline in pituitary GnRH receptors. The··GnRH pulses released into portal
circulation maintain these receptors. Hence the diminished pituitary GnRH receptor
17 .
levels suggest suppression In hypothalamic GnRH secretion. In addition, the
investigators assessed the effect of starvation on pituitary mRNA· levels of
gonadotropins and observed a decre,ase in a subunit mRNA after 4 days of fasting.
Furthermore, testicular and serum concentrations of testosterone diminished by 70-
80%. Finally, although testicular FSH receptor levels remained unaltered, testicular
LH receptors declined by 26%. Unlike numerous previous reports that merely
reported a decline iIi GnRH by making inferences from LH post-fasting patterns, this
_______________ experiment, for the first time, provided a more comprehensive view on the effects of
------------- ' .
fasting on the -hypothalamus (Bergendahl, Perheentupa & Huhtaniemi" 1989). In an
'attempt to further assess the potential role of GnRH activity in mediating the
suppressive effects of food deprivation on .gonadotropin and testicular activity,
Bergendahl et al (1991) subjected adult male rats to,a 4-day food'deprivation phase.
During this fasting period, the subjects were either injected with saline or 100ng/kg or
50 ng/kg body weight of GnRH at 2-h intervals. Consistent with most previous
reports, serum levels of ~H and FSH decreased in fasted rats. Furthermore, fasting
led to a reduction in pituitary mRNA gonadotropin, and a reduction in testicular and
serum T levels (84% and 42% respectively). Chronic injections of GnRH resulted in
a complete reversal of fasting-induced suppression of these measures (Bergendahl,
Perheentupa & Huhtaniemi, 1991).
Previolls reports have demonstrated that although reproduc~ive functions are
. sensitive to the general availability of metabolic fuels, they are most p'roxim~lly
, .
controlled by the availability of glucose. Specifically, it has been suggested that
. "
glucose availability appears to control repro~uctive capacity by modulating pulsatile
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)LH activity. Accordingly, a lean fasted animal, will experience a state of
glucoprivation, and in the absence of excess adipose reservoirs, this deficiency in
glucose will lead to the suppression of LH pulsatility. In one experiment,
investigators examined the potential adverse effects of glucoprivation on LH
pulsatility by administrating peripheral injections of 2-deoxy-D-glucose (2DG) to
male and female adult rats (Nagatani, Bucholtz, Murahashi, Estacio, Tsukamura,
.Foster & Maeda, 1996). 2DG it is a glucose analog that blocks glucose utilization at
'.
the phosphohexose isomerase step of glycolysis. In female Syrian hamsters, for
example, 2DG induced-glucoprivation results in the interruption of estrous cyclicitY
(Schneider & Wade, 1989). In another study, gonadectomizedrats were either treated
with vehicle or gonadal steroids (sequential injections of progesterone and estradiol
for the female subjects and-testosterone injection for the male rats). In both sexes
peripheral 2DG treatment suppressed plasma LH levels. Furthermore, the presence of
gonadal steroids resulted in an enhancement of 2DG-induced suppression of pulsatile
LH secretion. Specifically, in the presence of gonadal steroids, even low doses of 2
DG (200mg/kg) were successful in suppressing plasma LH levels (Nagatani,
Bucholtz, Murahashi, Estacio, Tsukamura, Foster & Maeda, 1996).
Furthermore, it is has been suggested that the secretory patterns of LH and
GnRH be90me more sensitive to the negative feedback control of testosterone under
conditions of energetic manipulation (Dong, Bergendahl, Huhtaniemi & Handelsman,
1994, Pirke & Spyra, 1981).
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The Control of Metabolic Fuels on Reprodu,ctive Parameters in Female Svrian·
Hamsters
The investigators of several laboratories including the ones of Schneider and
of Wade have extensively examined the control of oxidizable fuels on estrous
cyclicity in female Syrian hamsters (Schneider, Goldman, Leo & Rosen, 1997;
Schneider, Finnerty, Swann & Gabriel, 1995; Schneider, Friedenson, Hall & Wade,
1993; Schneider & Wade, 1989; Schneider & Wade, 1990; Schneider, Hall & Wade,
1997; reviewed by Schneider, Zhou & Blum 2000; reviewed by Wade, Schneider &
Li, 1996). The reproductive and feeding characteristics of this animal model have
served to make this model a highly advantageous tool in aiding investigators to gain
insight into the metabolic fuel control on reproductive parameters. Female Syrian
hamsters have a consistent and predictable 4-day estrous cycle. Unlike other female
rodents, confirmation of ovulation in this species does not require microscope cell
analysis of vaginal smears. The post-ovulatory (day 1) vaginal discharge of hamst~rs
is characterized as a copious, yellowish and highly odorous secretion. This
predictability allows investigators to manipulate energy availability and record its
potential effect on estrous cyclicity with greater precision. In addition, unlike other
. . .
rodent models, these animals do not respond to ener~y deficits by increasing caloric
consumption if the opportunity arises. Instead they respond to metabolic challenges
in such way as to delay reproductive functions, which makes this an ideal model to
examine the effects of minute-to-minute fluctuations in metabolic fuels on fertility.
Briefly, the estrous cycle of a Syrian hamster occurs as follows: On day 4 of .
the cycle a surge in LH and FSH leads to -the rupturing of the follicle and ovulation.
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During early phases of follicular d,evelopment (days 1 and 2), the ovaries secrete
• small amounts estradiol, which exerts negative feed back on the hypothalamic-
pituitary system. This event suppresses the secretion of GnRH and LH. On day 1 of
the cycle, an increase in FSH allows for the development of the follicles and the
subsequent production of steroids by the ovaries. As follicular development
progresses, estradiol production increases. High levels of ovarian steroids exert
positive feedback on GnRH and LH secretion. This creates arsurge in GnRH and LH
concentration, and subsequently results in ovulation.
Morin (1986) developed one of the most prominent "food-restriction and
fertility" paradigms by which he demonstrated that estrous cyclicity in female
hamsters is particularly sensitive to a 48- h food deprivation period if fasted on days 1
and 2 of the cycle. These days correspond to the time of the cycle when follicular
maturation is still in progress and the necessary LH surge has not been estabUshed. In
this experiments approximately 80 % of the animals failed to ovulate when fasted on
days 1 and 2 of the cycle. In addition, this type of phasic starvation prevented
animals from showing estrus behavior when tested on the evening of day 4 (this
period corresponds to the time when under normal conditions, a female hamster is
receptive toward a male conspecific in a testing arena) (Morin, 1986). The result of
this experiment provided other investigators with a helpful tool for exploring the
effects of fuel availability on reproductive capacity in female hamsters.
Schneider & Wade (1989) designed a series of experiments to examine the
...j
effects of metabolic fuel availability on es~ous cyclicity in Syrian hamsters by using
. a combination of phasic starvation and antimetabolic pharmacological agents (methyl
21 '
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palmoxirate [MP], and 2-deoxy-D-glucose [2DG]) which, selectively block the
availability of fatty acids and glucose. respectively. Prior to the start of the
experiment, they created 3 groups of females (lean, medium-sized, and fat) by
manipulating their dietary intake. In the first part of the experiment, a 48-h fasting
period 0!1 days 1 and 24 of the cycle retarded ovulation and lordosis behavior in lean
hamsters. The fat hamsters, however, were not affected by this restricted feeding
regimen. The investigators hypothesized that the fat females were buffered from
starvation-induced anestrous possibly because they could mobilize fatty acids from
their adipose reservoirs. To explore this possibility, fat hamsters were treated either
with MP (this agent blocks fatty acid oxidation by inhibiting the transport of fatty
acid into mitochondria) delivered by gavage while fed ad-libitum, or a combination of
MP and food deprivation on days 1 and 2 of the cycle. The results demonstrated that
fasting or'MP treatment alone, did not adversely affect estrous cyclicity. Estrous
cycles were interrupted however, when fasted females were treated with MP (20
mg/kg). In an attempt to explain the failure ofMP alone to induce anestrous in fat ad-
libitum fed hamsters, the investigators explored the possibility that the available
glucose derived from the high-carbohydrate chow allowed for the occurrence of
normal reproductive functions. To test this hypothesis, hamsters were treated with
either 2 DG (a metabolic inhibitor that blocks glucose utilization) or MP, or these two
~
treatments concurrently on days 1 and 2 of the cycle. The data indicated that
treatment with these agents alone did not inhibit reproductive indices. The
.simultaneous administration ofthese two drugs however, interrupted estrous cyclicyty
in 83% of the females... Collectively, these' data suggested that estrous cyclicity in
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hamsters depends on the general availability of metabolic fuels (Schneicler. & Wade,
1989).
A subsequent study by Schneider et al (1993), however, modified this view by
demonstrating that 'estrous cycles appear to be controlled most proximally by the
availability of glucose. In this experiment estrous cyclicity was inhibited in fat-fasted
females treated by intraperetoneal injedions (Lp.) of 2DG (750 mg/kg). Hence it
appeared that when a fat animal experiences a combination of fasting and 2 DG-
. ~ .
induced-glucoprivation, mobilized fatty acids from adipose reservoir are not
sufficient to allow for normal reproductive functions (Schneider, Friedenson, Hall &
Wade, 1993).
It has been suggested that glucose detectors located in the caudal brain stem
mediate' the effect of glucose availability on estrous cycles. These proposed
glucoprivic detectors are located in the area postrema (AP), and the adjacent and
reciprocally innervated the nucleus of the solitary tract (NTS) (Schneider & Zhu,
1994).
As' mentioned previously, food deprivation results in the direct suppression of
;:'\. .
GnRH neuronal activity, which ultimately leads to the impairment of reproductive
function. Berriman et al (1992) assessed the effects of fuel manipulation on estrous
cyclicity in female hamsters by examining FOS-like immunoreactivity in GnRH-
immunoreactive (GnRH-IR) neurons.. These neurons are located in the diagonal band
of Broca (DBB, medial septum (MS), rostral medial preoptic area (MPOA), and
caudal POA. In the, first part of the experiment the investigators attempted to
guantify the specific population of GnRH neurons that· express FOS-like
"
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immunoreactivity in the forebrain of female hamsters throughout the 4-day estrous
cycle. The expression of c10s is correlated with cellular activation and is a
commonly empl€lyed tool to identify populations of neurons that are activated when
an animal is-exposed to a diverse array of physiological and pharmacological stimuli
(Morgan & Curan, 1991). The results indicated that on days 1~3 during which t~ere
is a pulsatile secretory pattern of LH, approximately 60% of GnRH neurons in. the
caudal PDA expressed" FDS-JR. The GnRH neurons in the more rostral locations
(DBB and MS/mPDA), however, showed no significant activation as measured by
FOS-IR on days 1-3 of the cycle. In contr,ast, on day 4 of the cycle, following the
preovualtory LH surge, the rostral GnRH neurons expressed a high amount of FDS-
JR. Thus it appeared that there exist anatomically and perhaps functionally distinct
populations of GnRH neurons involved in the pulsatile and surge modes off GnRH
secretion. Accordingly, one population of neurons (caudal PDA) is activated during
the pulsatile phase of LH release and an alternate population of GnRH neurons is
associated with the preovulatory surge. Consistent with "previous data 'showing
fasting-induced inhibition of sex behavior and ovulation in female hamsters, in the
second part of this experiment, the investigators -demonstrated that fO,od deprivation
on days 1 and 2 of the cycle, suppressed GnRH neuronal activity. Specifically, there
",
was a 90% decrease in the caudal GnRH neuronal population. As mentioned
previously, this sub-set of GnRH neurons is believed to be responsible for the
pulsatile secretion of LH. T~uS fasting on days 1 and 2 suppressed pl;llsatile LH
release by reducing the activity of GnRH' neurons (Berriman, Wade & Blaustein,
1992).
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As discussed previously, in female Syrian hamsters, energetic manipulations
that retard ovulatory cycles (such as food deprivation or treatment with selective
antimetabolic drugs), also suppress the expression of female-typical sex behavior.
Furthermore, deficits in metabolic fuel availability prevent the expression of steroid-
induced-lordosis in ovariectomized hamsters. It has been suggested that the
suppression of steroid induced behavior in fuel-deprived hamsters could be in part
due to the impairment of estradiol and progesterone binding in the necessary neural
sites. Ovarian steroids function by binding to the neural estrogen and progesterone
receptors.
Li et al (1994) attempted to further examine the neural mechanism that
underlies the control of metabolic fuel on estrous behavior. Specifically, they
explored the effects of fasting or glucoprivic and lipoprivic antimetabolic drugs on
neural steroid binding. The neural regions examined were chosen based on their high
concentration of estrogen receptors and their role in mediating sex-related behaviors.
These areas included the ventromedial hypothalamus (VMH), the ventrolateral
hypothalamus (VLH), and the medial preoptic area (mPOA). The necessity of the
integrity of the VMH for the expression of lordosis has been demonstrated in
previous research for example where bilateral lesions to the VMH abolishes steroid-
induced sex behavior (Malsbury, Kow & Pfaff, 1977), and implants directed at the
VMH is sufficient for the expression of lordosis (Debold, Malsburry,' Harris &
Malenka, 1982). Furthermore, the administration of antiestrogen to this specific
neural site suppressed lordosis. These investigators used antibodies specific to
estrogen-receptor lX, and thus these studies do not rule out potential' effects on
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•estrogen receptor ~. The results of this experiment demonstrated that a 48-h food
deprivation period Or treatment with a combination of 2 DG and MP translated into a
decrease in the detection of estrogen receptor immnuoreactivite (ERIR) cells in the
,
VMH and VLH. Interestingly, an increase in ERIR cells was observed in the MPOA,
an area that is heavily populated with GnRH neurons. The function o£this increase in
ERIR cells within the MPOA remains unknown at this time (Li, Wade & Blaustein,
1994). These experiments suggest that fasting-induced deficits in behavioral response
to steroids and the GnRH and LH response to steroids might be mediated by changes
in neural estrogen receptors.
Chenwsensory and Hormonal Cues in the Regulation ofMale Mating Behavior
The full expression of male copulatory behavior in Syrian hamsters is
regulated by a reciprocal relationship between testicular steroids and female
conspecific phermonal signals (Wood, 1997; Wood & Newman 1995). The~
necessary presence ofthese signals for the occUrrence of male-typical mating
behavior optimizes reproductive success by inducing the male to engage in sexual
behavior only ifthe internal status of the male (circulation testosterone), and t9'e
external cues (the availability of a receptive female) are appropriate.
Female chemosensory signals, such as those emitted from vaginal secretions,
exert stimulatory influences on the hypothalamic-pituitary-testicular axis, altering the
reproductive neuroendocrine status and ultimately leading to the full expression of
male-typical mating behavior. For example, the mere exposure, ofa male hamster to
I . '. •
female hamster vaginal secretions (FHVS) is associated with significant elevations in
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plasma testosterone concentration (Marcides, Bartke, Fernandez & D'Angelo, 1974;
Parfitt, Thompson, Richardson, Romeo & Sisk, 1999; Pfeiffer & Johnston, 1992;
Pfeifer & Johnston, 1994;'Romeo, Parfitt, Richardson & Sisk, 1989). The necessity
of female conspecific cues for the expression of male sex behavior is exemplified in
~ . .
experiments demonstrating that simultaneous destruction ofthe olfaCtory systems
(structUres responsible for transmitting olfactory cues to the central neural sites)
abolishes copulatory behavior in males (Wood & Newman, 1995). In addition, the
presence of circulating gonadal androgens plays a role in altering the male's
responsiveness to female phermonal signals. For example, it has been demonstrated
that castration decreases the duration ofano.genital investigation performed by male
hamsters (Powers, Bergondy & Matochick, 1985; Wood & Newman, 1995). This
diminished interest in the vaginal secretions can be reversed with exogenous
testosterone treatment (Wood & Newman, 1995).
The necessity oftesticular steroids for normal male reproductive function is
I
further suggested by the fact that castration inhibits the expression of male-typical sex
behavior (Wood & NeWman). In addition, male hamsters cease to breed during the '"
Short day-lengths of winter. When exposed to less than 12.5 h oflight during a 24-day
period, male hamsters display gonadal atrophy, which is accompanied with
suppressed circulating plasma T and deficits in reproductive performance. Consistent
-...
with the natural habitat of the male hamster, depriving a male ofphotoperiodic photo-
stimulatIon in a laboratory setting mimics the effects ofwinter on reproductive
function, which further suggests the importance of circulating gonadal hormones on
the expression of male-typical behavior (Hoffman, Hester & Towns, 1965).
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Chemosensory Signals: Female Hamster Vaginal Secretions
The chemical cues emitted from the female conspecifics of many mammalian
species exert stimulatory influences on the reproductive behavior and neuroendocrine
status ofthe male counterparts (Coquelin & Bronson 1979; Coquelin & Bronson
1980; Johnston & Bronson, 1982; Marcides, Bartke, Fernandez & D'Angelo, 1974;
Parfitt, Thompson, Richardson, Romeo & Sisk, 1999; Pfeiffer & Johnston, 1992 &
1994; Romeo, Parfitt, Richardson & Sisk, 199"~). The male Syrian hamster is
strongly dependent on such chemical signals for the display of overt male-typical
mating behavior (Fiber, Adames & Swann, 1993; Wood & Newman, 1995).
Although, phermonal signals emitted by the female hamster are not limited to vaginal
secretions (others include urine, fecal matter, and flank glands), the female vaginal
secretions (FHVS) serVe as the most potent phermonal stimuli in facilitating male
copulatoty behavior (Johnston, 1986; Marcides, Johnston, Schneider, 1977, Murphy,
1973). FHVS is characterized as a copious and highly odorous discharge that elicit~
sexual arousal from long distances and additionally elicits mounting and thrus~ing
behavior in males. The stimulatory effects ofthese secretions are evident in
experiments where intact males will attempt to copulate with anesthetized castrated
and intact males that are scented wi~h vaginal discharge (Murphy, 1973).
Several studies have been successful in isolating the active constituents ofthe
hamster vaginal discharge. Chemical analyses indicate that female hamster vaginal
secretion consists ofa multi-chemical (volatile and non-volatile) system.
Specifically, the volatile (particularly sulfuric compounds) component ofthis
discharge appears to have stimulatory effects on sexually attracting a male to the
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target female ultimately leading in appetitive behaviors. The high molecular weight
proteinaceous material contained in this secretion is highly influential in facilitating
overt male copulatory behavior (Marcides, Singer, Clancy, Goldman & Agosta, 1984;
Singer, Clancy, Marcides & Agosta 1984a & 1984b).
It;1 male hamsters, a correlation exists between the development of attraction to
vaginal secretions and the time ofpuberty. Male hamsters start to express a robust
attraction to these secretions when they enter the pubertal phase. In one experiment,
Johnston & Coplin (1979) demonstrated that during the nestling phase, male and
female hamsters did not differ much in their response to a variety of olfactory stimuli
(vaginal secretions, carrot juice, peanut oil, and distilled water). Specifically, the
pattern of response to these stimuli was low for both sexes between 7 and 10 days of
.age. Hence little sniffing or licking was displayed by the pups when exposed to these
stimuli. Sex differences seemed to emerge, however, when juvenile hamsters (28-64
days of age) were observed for their responses to vaginal secretions. Specifically
male hamsters displayWramatic attraction to these secretions upon reaching the
pubertal stage (40-43 days of age). This pronounced interest toward vaginal
secretions was absent in pubert~ females. The investigators concluded that these sex
differences are largely due to the changes oftestosterone circulation associated with
reaching the pubertal stage in males. They further demonstrated that treatment of
female and male pups (25 days of age) with testosterone propionate (TP) resulted in
an increase ofattraction to vaginal secretions in both sexes. Furthermore, TP
injections in ovariectomized adult females demonstrated an identical pattern of
interest in vagtnal secretions. Collectively, these experiments suggest that the
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presence of circulating T is necessary for the formation and maintenance of attraction
to vaginal secretions (Johnston & Coplin, 1979).
....
Neural Circuitry Underiving The Expression ofMale Syrian Hamster Mating
Behavior
. . . .
In male hamsters, female pheromonal signals are detected and transmitted by
two adjacent, distinct, parallel pathways (Coolen & Wood, 1998; Winans, Lehman &
Powers, 1982; Wood & Newman, 1993; Wood, 1997; Wood and Newman, 1995) to
several central neural sites. Briefly, the pheromonal input activates the receptors
located in the vormeronasal organ and olfactory mucosa. The axons ofthese neurons
project to the main (MOB) and accessory olfactory bulbs (AOB), respectively
(Winans, Lehman & Powers, 1982). The olfactory information is further relayed by
these structures via a multisynaptic pathway, to several forebrain nuclei, which
include the medial nucleus of amygdala (Me), the bed nucleus ofthe stria terminalis .
(BNST), and the medial portion ofthe pre-optic area (MPOA). Collectively, this .
circuitry is believed to be the neural s~bstrate on which phermonal cues and hormonal
signals interact, leading to the expression o~male copulatory behavior (Winans,
Lehman & Powers, 1982; Wood & Newman, 1993; Wood & Newman, 1995). The
severance or ablation ofany portion ofthis pathway will result in the impairment of
the complete expression ofmale sexual behavior. For example, lesions delivered to
the olfactory and vomeronasal systems, their projections, or their targets within this
circuitry eliminate male mating behavior (Wood & Newman, 1995). .
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Several experiments have demonstrated that these neural regions are densely
populated with androgen-containing neurons (Clancy, Whitman, Michael & Albers,
1994; Wood &Newman, 1993; Wood &Newman, 1995). Using a combination of
FO'S-like inul1Unoreactivity (The expression of c-fos within a cell is correlated with
cellular activation and thus is used as a marker ofneuronal stimulation) and
androgen':receptor immunoreactivity techniques, Wood & Newman (1993)
demonstrated that the expression of male-typical copulatory behavior is associ5lted
with elevated cjos levels of the androgen-receptor containing neurons within the Me,
BNST, and :MPOA (Wood &Newman, 1993). In an attempt to assess the importance
of specific populations of steroid receptors within this central circuitry, Wood et al
(1995) examined the effects oftestosterone delivering intracranial implants targeted
. I
toward these regions. The implants were selectively placed in either the Me or the
BNSTIMPOA of male castrates. They discovered that both groups ofmales engaged
in comparable levels of sexual performance. Furthermore, testosterone implants
directed toward adjacent structures to this circuitry, did not exert stimulatory effects
on mating in castrated males. Collectively, these data suggested that testosterone
could act on multiple points within this circuitry to elicit mating behavior (Wood &
Newman, 1995).
As mentioned previously, female hamster vaginal secretions serve as a
powerful stimulus within the context ofmale-typical mating behavior. The potency of
this chemosensory stimulus on the activation ofneurons within the central mating
pathway is supported by abundance evidence wherethe mere exposure to FHVS (in
the absence of receptive-female-tactile stimulation) is associ~ted with significant
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increases in neuronal activation (as measured by FOS-like immunoreactivity) within
Me, BNST, and MPOA (Fiber, Adames & Swann, 1993; Romeo, Parfitt, Richardson
..
& Sisk, 1998, Swann 1997).
The central integratlon of chemosensory cues and hormonal signals is
necessary for the full expression of male-typical mating behavior. This phenomenon'
was demonstrated in a pioneering n~uroanatomical experiment, which combined
unilateral testosterone delivery to the BNSTIMPOA with unilateral bublectomy
(either contralateral or ipsilateral to the steroid implant) in male castrated hamsters.
The olfactory system is mainly comprised ofipsilateral projections to higher neural
regionsr This specific projection property ofthis system, allowed the investigators to
neuroanatomically assess the importance ofthe integration ofhormomil and
pheromonal signals in the context of male copulatory behavior. As predicted, the
sexual behavior of the males was exclusively restored in the group that received
contralateral bulbectomies relative to the .steroid implant location (Wood & Newman,
1995).
It is suggested that chemosensory cue's and 'hormonal signals might be
integrated within the magnocellular division ofthe MPOA (MPNmag). For example,
in contrast to intact males, castrated mafes fail to display increases ofFOS-like-
immunoreactivity within this subdivision ofthe circuitry. Furthermore, severance of
this cluster ofnuclei results in the elimination ofmating behavior (Swann, 1997).
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Male Mating Behavior in Syrian Hamsters
Male Syrian hamsters engage in a sequence of sexually ~sociated behaviors
when exposed to a receptive female. Such behaviors are easily evident during a
standard lO-min behavioral testing session, which is the most commonly employed
method to screen for male-typical sexual behavior. During these tests, the observer
collects data on mating-related indices, which include anogenital investigation,
mountinF' intromission, and ejaculation. In addition, hamsters display aggressive
behavior such as biting, and dominance postures in which the male is perpendicular
and above the female.
Upon initial contact with a receptive female ~ the testing arena, the male
generally begins to investigate the anogenital region of the female by licking and
sniffing the conspecific. This behavior is typically followed by mounting ofthe
female. ~ounting is characterized by climbing upon the back and gripping the
female finnly about the waist, accompanied by thru~ng ofthe mal~ onto the female
perianal region, excluding penetration ofthe vagina. Vaginal penetration is referred
to as intromission, and the engagement ofthe male hamster in several successive
intromissions will generally result in an ejaculation. These mating behaviors are
generally interspersed with periods of self-grooming. In the post-ejaculatory phase,
the hamster engages in a longer phase of self-grooming before his behavior is
resumed. A sexually experienced male will rep~at this cycle for approximately 20-30
minutes following interaction with a receptive female until sexual satiety has been
. .
reached (Wood & Newman, 1995).
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Hypotheses
The Schneider laboratory has extensively exalnined the influence of metabolic
fuel availability on female fertility using the female Syrian hamster as an animal
model, and a variety of methods to manipulate the availability of oxidizable fuels.
These methods have included phasic food deprivation, and the administration of
pharmacological inhibitors of glucose and fatty acids (Schneider, Friedenson, Hall &
Wade, 1993; Schneider, Goldman, Leo & Rosen, 1997; Schneider, Hall & Wade, .
1997; Schneider & Wade 1989; Schneider & Wade, 1990). The data"are consistent
with the idea that estrous cycles in Syrian hamsters are controlled by the availability
of metabolic fuels (reviewed by Schneider, Zhou & Blum, 2000). Subsequently;
similar experiments have confirmed that reproductively related events are highly
sensitive to the energetic status of an animal and cease to occur when the availability
of oxidizable fuels are compromised in nonhuman primates, rats, and sheep (reviewed
in Wade, Schneider & Li, 1996).
Recently, I have begun to explore the sensitivity of the male Syrian hamster
fertility to energetic challenges imposed by short-term fasting. My goal was to
-,
examine the effects·offood deprivation on the reproductive parameters in male Syrian
hamsters. Specifically, I was interested in investigating the patterns of post-
copulatory androgenic and gonadotropic peaks, and the full expression of male
couplatory behavior following a period of acute food deprivation. My aim was to
establish whether the neuroendocrine and sexual behavioral correlates of the male
hamster are disrupted aSia function offasting.
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Consistent with the available literature on female Syrian hamsters, I·
hypothesized that a 48-h period of fasting would inhibit sex behavior. This might
occur through effects on several neuroendocrine processes. For example, short-term
fasting might result in the diminished activity ofthe GnRH containing neurons, which
will result in the inhibition of pulsatile LH. Under these conditions" Leydig cell
function would be_compromised and the subsequent inadequate amount of circulating
testosterone might prevent the full expressio·n of copulatory behavior. As mentioned
previously, the full expression of male mating behavior occurs only if the necessary
external signals (FHVS) and the internal cues (gonadal T) are simultaneously present.
Thus, I hypothesized that insufficient quantities of circulating plasma T as a result of .
fasting would decrease the male's responsiveness to female olfactory cues. I further
hypothesized that these potential disruptive effects of food deprivation might be
exaggerated in feaner hamsters since they lack adipose reservoirs, which ordinarily
could be mobilized as fuel in fat hamsters. The male might not engage in exploring
the female, which would generally lead to the full expression of sex behavior. In this
case, fasted hamsters would show significantly lower .Levels of sex behavior and
plasma T compared to fed hamsters. In addition, food deprived hamsters might fail to
exhibit an ~H surge-like response to FHVS.
Alternatively or in addition, fasting might alter the number or binding of
steroid receptors in the brain areas that influence male sex behavior and GnRH
secretion, such as the medial preoptic (MPOA). This was predicted based on data
demonstrating that fasting decreased the number ,of steroid receptors controlling
3S
female sex behavior such as the ventomedial hypothal~us (VMH) and increased
those in the MPOA (Li, Wade & Blaustein, 1994).
In addition, depressed LH and GnRH levels might occur as a result-of the
heightened sensitivity to testicular negative feedback (Dong, Bergendahl, Huhtaniemi
& Handelsman, 1994; Pirke & Spyra, 1981). In this case, a 48-hour fast might
decrease sex behavior without causing changes in plasma T concentrations. A third
possibility is that male Syrian hamster sex beh~vior and fertility is unresponsive to
food and energy availability. In this case, males would be expected to express the full
spectrum of mating behavior despite the deficits in food intake.
It is important to note that, fasting might influence the neural mechanisms that
control sex behavior directly, without affecting the secretory patterns of LH and T.
.For example, in female hamsters, fasting decreases the number of estrogen receptor-
immunoreactive neurons in the VMH, a brain area critical for female sex behavior. In
fasted female hamsters that have been ovariectomized fasting decreases the duration
oflordosis in response to treatment with estradi<;>l and progesterone (Dickerman, Li &
Wade 1993). Thus I predicted that fasting might decrease the number or activity of
the steroid-concentrating neurons in the areas, which have been implicated in the
control of male sex behavior. These alterations might occur in the absence of
changes in circulating plasma T. In this case, sex behavior would decrease while
plasma T concentrations would remain unchanged. In addition under-nutrition might
result in a suppression of this sub-population of androgen receptors. Collectively, and
lor separately, these events could potentially contribute to sex performance deficits.
Androgen-containing neurons within the male sex behavior neural circuit are active
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",during mating. Wood & Newman (1993) demonstrated that mating significantly
'.
increased FOS-like implUnoreactivity in the Me, BNST, and the· MPOA in male
Syrian hamsters. Furthermore, these FOS-.ijke immunoreactive neurons exhibited a
high level of androgen receptor co-localization. Although, androgen-containing sub-
population reside in other areas of the male brain, these FOS-immunoreactive
androgen-containing neurons were exclusively detected in these specified regions,
with the largest amount of co-localization found in the MPN. This magnocelluar
division of the MPOA is strongly implicated in male sexual behavior. Interestingly,
the mere exposure to female vaginal secretions produces an identical pattern of FOS~
like immunoreactivity (Fiber, Adames & Swann 1993). Accordingly, in the present
experiment, fasting might result in a lack of co-loc~izationfor FOS-immunoreactive-
steroid containing cells.
To examine the effects of fasting on male sex behavior and neuroendocrine
function, I conducted the following experiments: In experiment 1, I attempted to
replicate the well-known effects of female hamster vaginal secretions on luteinizing
hormone (LH) secretion. The second experiment examined the effects of high, low,
and medium body weights on fasting-induced changes in male sex behavior, and
plasma LH and T concentrations. Finally, I replicated this experiment to obtain larger
sample sizes and to examine the effects of various methodological problems
discovered in' experiment 2.
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Experiment 1: Release of Luteinizing Hormone in Response to the Mere
Exposure to Vaginal Secretions
As discussed previously, reproductively related behaviors are correlated with
several neuroendocrine-gonadal alterations. Previous research indicates that males of
many mammalian species exhibit a significant rise in circulating levels ofplasma LH
I
when exposed to female phermonal stimuli (Coquelin & Bronson, 1979; Coquelin &
Bronson 1980; Johnston & Bronson 1982; Parfitt, Thompson, Richardson, Romeo & ,
Sisk, 1999). For example-, male mice display elevated levels ofcirculating plasma
LH following a briefexposure to female mouse urine (Johnston & Bronson, 1982).
Similarly, in male Syrian hamsters, an increase in plasma LH concentration is
detected after the male is exposed to the female vaginal secretions in the absence of
the female herself (Parfitt, Thompson, Richardson, Romeo & Sisk, 1999).
Furthermore, the presence of female chemosensory signals strongly enhances the
initiation of copulation in male hamsters. For example, simultaneous severance ofthe
main and accessory olfactory systems results in the complete suppression of male
copulatory behavior (Wood & Newman, 1995). These two olfactory systems are
responsible for conveying chemosensory input to the central areas in the brain
believed to underlie male sex behavior (Winans, Lehamn & Powers, 1982; Wood &
Newman, 1993; Wood & Newman 1995).
It is important to note that the available data on the female- phermonal-
induced LH and T surge-like patterns merely suggests a correlational relationship
between the expression of sex behavior and these neuroendocrine alternations.
Accordingly, the exact influence ofthe changes in pituitary function on copulatory
~
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behavior has not been established. Hence the functional significance ofa LH peak in
males following exposure to female tactile and/or phermonal stimulation remains to
be discovered.
The present experiment was designed to assess the influence of female
hamster vaginal secretions (FHVS) on plasmaLH concentrations, in male Syrian'
hamsters. This experiment was designed to establish the effect of chemosensory
exposure on LH secretion in male Syrian hamsters in the Schneider laboratory. Other
investigators have demonstrated an increase, or a trend toward an increase in plasma
LH concentrations 60 min following 'exposure to FHVS (Parfitt, Thompson,
Richardson, Romeo & Sisk, 1999). Thus, I predicted that the males exposed to the
vaginal secretions would exhibit higher circulating concentrations ofplasma LH
compared to males who received a blank cotton swab.
General Methods
Animals and Housing:
Twenty sexually naive male (1l0-1l5g) Syrian hamsters (Mesocricetus
auratus) were purchased from ,Charles River Breeding Laboratories (Wilmington,
MA) and were singly housed in polypropylene cages containing Beta'Chips (North
Penn Feed). In an attempt to avoid any potential pre-experimental exposure to female
hamsters, the males were stored in a separate room maintained at 22°C ±2 under a
14:10 photoperiod ("lights on" at 0700 h, "lights off' at 2300 h). Hamsters were fed
Purina Rodent Chow (# 5001) unless otherwise noted. They had access to food and
water ad-libitum.
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Vaginal Secretion Collection:
Vaginal secretions were collected from female dono,rs on Day 1 ofthe estrous
cycle approximately 1 hour prior to the onset of the experiment. The secretions were
placed in plastic centrifuge vials wrapped securely in sheets of paraf11m and stored at
;
/'" 4 DC. Previous studies using vaginal secretions collected on day 1ofthe estrous
(
cycle (Johnston & Coplin, 1979; Murphy, 1973) indicated that secretions on estrus
and the day following estrus, and secretions collected from pregnant females are
eq'tlivalent in their attractant quality. Furthermore, the amount of secretions that can
be expelled from the female is at its highest magnitude during this phase of the cycle
(day 1), making abundant collection of this substance possible. Hence, a generous
amount of secretions can be allocated per cotton swab.·
Blood Collection
, Blood samples were obtained via cardiac punctures. Hamsters V?ere briefly
.~
anesthetized in a chamber containing Isoflurane. Blood samples were collected (125
III of plasma per drawing), centrifuged, and stored at -20 DC until radioimmunoassay
for plasma LH was performed by Jane Vernier, Michigan State University.
The blood-sampling schedule~was as follows:
First Baseline: Blood was collected 24 h prior to the start of the experiment
between 15:5'0-16:15 h. This provided baseline level of LH for each animal
before exposure to the cotton swabs (either scented with FHVS' or Blank).
These samples were· collected during the same time of the day as the post-
exposure sample's.
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Post-exposure Measures: Blood was collected 60 min following the
presentation of the cotton swabs between 15:50-~6:15h. These samples
provided information on possible hypothalamic-pituitary alterations in
response to fetnale phermonal stimuli. This particular time course of exposure
was based on a previous study demonstrating a significant peak of LH ~n male,
. hamsters following a 60 min expo§ure to FHVS (Parfitt, Thompson,
Richardso·n, Romeo & Sisk, 1999).
Iodination Procedure Protocol
Adapted with permission from Jane Vernier, Michigan State Univer·sity:
1. 25 III 0.2M P04 buffer was added to standard hormone vials. The sides of the,
vial were washed with buffer to wet the hormone.
2. 50 III of enzymobeads were added. Sides were washed according to step 1.
Iodination vial was re-corked and placed behind·a lead shield.
3. 10 III 1125 was added. It was confirmed that 1125 was in the syringe. All the
necessary steps were taken to avoid and check for possible spillage.
)
4. 50 III ofB-d-glucose was added under lowered hood sash.
5. The reaction was allowed to proceed for 25 min. The contents of vial were
mixed every 5 min by simply flicking the vial.
6. The reaction was stopped by adding in rapid succession:
:1
25-1l1 sodium azide
50-Ill ovalbumin
200-1l1 transfer solution
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7. The: contents were transferred to a bio-gel with a transfer syringe (transfer
syringes. are made by joining a long dispo pipette to a 1 ml syringe using W'
tygon tubing).
8. The reaction vial was rinsed with ,250 III of rinse sol1:1tion. -Using the same
transfer syringe, ~he rinse solution was layered on top of the material already
placed in the column.
9. The material was allowed to enter the column bed. A small amount ofO.05M
P04 elution buffer was added. Following the entrance of the buffer in the bed,
the labeled hormone was eluted with more buffer. Fractions were collected at
2 min each into 12x75 mm glass tubes containing 50 III ofovalbumin;
-10. Each fraction was vortexed 0.2 III aliquot was transferred to another set of
glass-tubes and counted to determine the peak tubes (Count for 0.1 min).
11. The peak tubes were selected and combined with a Pasteur pipette. The 0.8
aliquots were frozen. Hormone was now ready for purification across the Con
A column.
LHRadioimmunoassay Analysis
Abbreviated Procedure for Micro Rat-LH Radioimmunoassays (Adapted with
permission from Jane Vernier, Michigan State University):
1. Assay protocol sheets were set up as follows: Three nonspecific binding tubes,
three total count tubes, three buffer controls, 8 point standard curve and
-unknown samples.
2. 0.1% gel-PBS was added to all tubes as indicated on the protocol sheet.
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3, Serum samples were added. Blood serum was kept refrigerated as much as
possible. Only 36 samples were run at a time. Samples were room
temperature before they were \dispensed. Any additional samples were re-
frozen in a -700e freezer.
4. 50 III of an appropriate dilution of antiserum was added to bind approximately
·25 to 35% of the 125I-hormone. The antisera was diluted in 3%NRS-0.05M
,
EDTA-PBS (PEL Freez, lot #3406, for the NRS with a 1:40,000 dilution of
NIDDK-Anti-Rat-LH-511 in 3% NRS.
5. Tubes were incubated for 24 h at 5 °e .following the addition of the first
antibody.
6. 50 Iltof 125-rLH was added using approximately 10,000 cpm/50 UL. Isotope
was diluted in 0.1% Gel-PBS.
7. Tubes were incubated for 24 h at 5 °e following the addition of the labeled
hormone.
8. 50 III of sheep anti rabbit gamma globulin was added. The antisera were·
diluted in 0.1% gel-PBS. An appropriate dilution was used to gain maximal
precipitation (Lot # 1306 dilute,d in 0.1% gel-PBS at 1:10).
9. Tubes were incubated for 24 h at 5 °e following the addition of antisera.
10.3 ml of ice cold PBS was added to, all tubes (note: OJ% gel-PBS was not used
v
for this step).
11. Tubes were centrifuged in Sorvell RT-6000 at setting # 10 for 30 min at 80
°e.
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'12. Supernatant was decanted. Tubes were allowed to drain for 3 min then placed
in-rack.
'. 13. They were then placed in the counter and counted for 2 min.
The lower limitdetectibility of the assay was 1 ng/ml. The intraassay coefficient of
,variation was 12.4%.
Procedure
Following a two-week period of acclimation to the facility, hamsters were
randomly designated to receive either a blank cotton swab (n = 10), or a swab scented
,- ,
with freshly collectedvaginal secretions (n == 10). To minimize any potential airborne
; -"
FHYSexp08ur.e of the .blank cotton swab group, two different testing rooms (of
,identicalconditioris) were created. All tests were performed during the light phase of"
the li~ht:dark cycle: .The. cotton swabs were placed into the home cage of the
subjects. One hom: 'post-~'otton swab exposure, the swabs were removed and blood
" ~ ..... .
sampl,es were collected.via cardiac .punctures.
Statistical analysis: .- ,
. For each hamster, I calculated the percent change from baseline to post-
:expo~ure, pl~SJ:llaLlI concentrations. The percent change ofplasma LH was analyzed
~. .lisinga oJ;1e-way analysis of.variance (ANOVA). The result was considered
~ . ",
" .
significant when p < 0.05. The collected data are reported as means ±,SEM.
••••j •
.',
,', ,',
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Results and Discussion: Radioimmunoassay for Plasma LH
Differences in percent change from the baseline plasma LH concentrations to
the post-cotton exposure LH concentrations were significant (F (1,18) = 5.25, P < 0.05).
~ .
Mean levels of plasma LH were not higher following exposure to FHVS. Thus, the
widely reported LH reflex following exposure to female hamster pherinonal cues
(Parfitt, Thompson, Richardson, Romeo & Sisk, 1999) was not observed.
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Figure 1. Mean (±SEM) concentration of circulating plasma luteinizing hormone
(ng/ml). Each male hamster was either exposed to a cotton swab containing FHVS, or
a blank swab for 60 min. At that time, blood samples were collected via cardiac
punctures and analyzed for LH usingradioimmunoassay. The baseline plasma LH
concentrations were determined 48 hours prior to testing during the same time of the
, light cycle:
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Results and Discussion: Radioimmunoassay for LH
The Differences in percent change from the baseli.ne plasma LH to the post-
cotton exposure plasma LH concentrations were significant (F (1,18) =5.25, P < 0.05).
. The percent decrease in plasma LH concentrations, was significantly lower in the
group presented with FHVS.
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Figure 2. Mean (±SEM) change in concentration of circulating plasma luteinizing
hormone (ng/ml). Each male hamster was either exposed to a cotton swab scented
with FHVS, or a blank swab for 60 min. At that time; blood samples were collected
via cardiac punctures and analyzed for LH using radioimmunoassay. The baseline
plasma LH concentrations were determined 48 hours prior to testing during the same
time ofthe light cycle.
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General Discussion: Experiment 1
In ad-libitum fed hamsters, plasma LH concentrations did not increase
following exposure to FHVS (Figure 1), in contrast to several previous studies
(Parfitt, Thompson, Richardson, Romeo & Sisk, ·1999), which demonstrated, t~at
absolute concentrations ofplasma LH were significantly higher in FHVS exposed
\
male hamsters compared to controls. In the present study, mean plasma LH
concentration decreased in both groups after presentation ofeither FHVS scented or
blank cotton swabs. The percent decrease in plasma LH concentrations, however,
was significantly lower in the group presented with FHVS (Figure 2). Furthermore,
mean post-test plasma LH concentrations were higher in the FHVS group relative to .
the group that received only the biank swab.
Given the present data, I reasoned that I might demonstrate maximum
J
responsiveness to FHVS if I had used an intact female brought into estrous with
estradiol and progesterone treatment.
"-
Experiment 2: Effects of Acute Food Deprivation on ReprQductive Parameters
in Male Syrian Hamsters
The mechanisms that link energetic challenges to reproductive behavior and
physiology are unlmown. Data collected from different laboratories and field
observations collectively suggest that under-nutrition tends to depress reproductive-
related events in mares and females ofmany niamm~lian species. The present
experimentwas designed to examinethe effects of food deprivation on reproductive
parameters in male Syrian hamsters. Specifically, I was interested in the patterns of
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post-coplatory plasma testost~rone (T) and luteneizing hormone (LH) secretion and
'l
the expression of male-typical mating behavior following a period of acute food
deprivation. I predicted thatfat hamsters might be more resistant to the potential
aversive effects of food deprivation on the hypothalamic-pi!Uitary-gonadal system,
and hen.ce might not display reproductive performance deficits in the same magnitude.
as the lean hamster~.
General Methods
Animals and Housing
, Thirty sexually naive male Syrian hamsters (Mesocricetus auratus) were
purchased from.Charles River Breeding Laboratories (Wilmington, MA) and were
singly housed in polypropylene cages containing Beta Chips (North Penn Feed). In
an attempt to avoid any potential pre-experimental exposure to female hamsters, the
/-
males were housed in a separate room maintained at 22°C ±·2 under a 14:10 light:
dark cycle ("lights on" at 0700 h, "lights off' at 2300 h).
Establishment ofPrior Body Weights
.,
. Following aone-week acclimation to the facility, 3 categories ofhody weights
were created (lean, mediUm, and fat). The time requi!ed for each group to reach their
ideal weight waS approximately 4-5 weeks. The males assi~ed to the lean group
(n =10) were fed a restricted dajIy ration ofPurina Rodent Chow (#5001), which
• r' •
maintained their body weight .between90-95 g. Males in the mediu~ category. /
(n =10) were provided with ad-libitum access to Purina Rodent Chow (#5001) in
order to achieve a weight goal.of 110-115 g. 'The fat group (n = 10) consisted of
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subjects that were fed a daily ad-libitum regimen of powdered chow and allowed to
, ,
reachla body weight be~een 120-145 g.
Experimental Design
All the experimental procedures described in this project, were conducted
according to the guidelines established by the Lehigh University Institutional Atiimal
Care and Use Committee and the National Institutes for Health Guidelines for Care
and Use ofExpe~imental Animals. Every effort waS made to minimize the suffering
and discomfort of the animals.
Food Allotment:
Prior to the start ofthe experiment, animals of each weight category were
.
randomly assigned to either a 48-h fasted group (n = 10) or an ad-libitum group
(n = 10). Thus, the group design appeared as follows:
Lean-Fasted (n = 5)
Lean-Ad-libitum (n = 5)
Medium-Fasted (n =5)
Medium-Ad-libitum (n = 5)
Fat-Fasted (n = 5)
Fat-Ad-libitum (n = 5)
Any necessary transportation ofthe animals 'occurred 48-h prior to the start of
the experiment.
Blood Collection:
Blood samples were obtained via cardiac punctures. Approximately 250 III of
plasma was collected during each drawing. This allowed us to run duplicate assays
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for the two'hormones of interest. Hamsters were briefly anesthetized in a chamber
.containing Isoflurane (or sodium pentobarbital for the terminal drawings), blood
samples were collected in heparin rinsed tubes, centrifuged, and the plasma was
stored at -20°C until radioimmunoassays for plasma LH and T were performed. The
sampling schedule was as follows:
First Baseline: Blood :was sampled 48 h prior to the start of the experiment at
1400 h. This provided plasma concentrations ofLH and T for each animal
prior to the 48-h food manipulation period.
Second Baseline: Blood was sampled approximately 40-h post regimen
manipulation at 1800 h. These measures provided insight on LH and T levels
when an animal is subjected to acute food deprivation.
Post-copulation measures: Blood was sampled one hour following the mating
. ~ .
tests, which started at 2200 h. These samples allowed us to assess any
potential adverse effect of food deprivation on the post-copulatory LH and T
reflexes.
LHRadioimmunoassay
Described in detail under the methodology section ofExperiment 1. The
,lower limit of the assay was 0.08 ng/ml. The intraassay coefficient ofvariation was
8.6%.
Testosterone Radioimmunoassay
The testosterone radioimmunoassay was performed by Jane Vernier at
Michigan State University l,lsing the Coat-A-Count Total testosterone Kit (Diagnostic
so
Products, Los Angeles, CA). n~e lower limit ofdetectability of assay was 0.08
:»
ng/ml. The intraassay coefficient variation was 7.7%.
Stimulus Females:
Fifteen adult female Syrian hamsters (115-125 g) were purchased from
Charles River Breeding Laboratories (Wilmington, MA) and were singly housed in
polypropylene cages with ad-libitum access to food and water and stored in a room
maintained at 22°C ±2 degrees under a 14:10 light: dark cycle ("lights on" at 0700 h,
"lights off' at 2300 h). In order to ensure properendocrinological function ofthe
stimulus females, they were monitored for ovulation,and underwent a briefbehavior
test on the evening of day 4 (this period corresponds to the time ofthe cycle when a
'--0
healthy female is normally sexually receptive). During these test sessions, the
investigator collected data on the presence or absence oflordosis behavior. Animals
that failed to display lordosis were excluded from this study prior to ovariectomy.
Overiectomies:
All surgical procedures occurred under aseptic conditions. The potential
female stimulus hamsters were deeply anesthetized using intraperitoneal injections of
sodium pentobarbital (0.15 mg/kg body weight). The subjects were bilaterally
ovariectemized via small vertical dorsal incisions in the flanks. Musculature sutures
were used to close the wound. The exposed epidermal portion was closed with sterile
metal wound clips. _Post-operation analgesic care consisted of administration of
Bupemex (.10 mg/l00g body weight) at two intervals (once immediately following
the completion ofthe surgery and an additional injection after 12 hhad elapsed).
Following surgery, the females remained in a 1-2 week recovery period.
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Steroid Treatment:
Sexual receptivity in the stimulus females was induced by sequential
subcutaneous steroid injections ofestradiol benzoate (48-h prior to the male
~
behavioral testing), followed by progesterone (6 h prior to testirig). Prior to the start
of each testing session, the hormonally primed females were screened using a
stimulus male that was not used in this experiment.
Behavioral Tests:
The mating tests began one hour prior to the dark phase (21OOh). A sexually
receptive female was placed in a testing arena, which contained a male subject. Each
subject underwent a standard 10-minute behavioral test. The behaviors were recorded
manually by the observer and timed with a VWR timer. These data include:
Anogenital Investigation (AG!): An AGI was recorded each time the male
licked and sniffed the receptive female's anogenital region.
Frequency ofMounts: This behavior was recorded each time the male
attempted to mount the female, but failed to penetrate the vagina.
Frequency of Intromissions: This behavior was scored when penile
penetration occurred.
Frequency ofEjaculations: This behavior was recorded if following se¥eral
successive, vigorous intromissions, the male engaged in a longer time of self-
grooming and appeared to be temporarily uninterested in the female.
Tissue Collections and Perfusions:
One hour following the complet.ion ofthe mating test, a terminal blood sample·
was collected via cardiac puncture (see above for methodology). Each subject
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received an overdose of sodium pentobarbital injected interaperitoneally (0.18
mg/kg). Prior to perfusion, paired seminal vesicles, paired testes, and subcutaneous
white adipose tissues (SWAT) were extracted and weighed. Animals were perfused
via the aorta with a 0.1% sodium Nitrite saline solution prepared in Hartman buffer (4
°C), followed by cold 4% para-formaldehyde fixative. The brains were removed,
post-fixed for 6 h, and immersed in 17% sucrose solution with 0.001% thimerosol
until sectioning. The brains were sliced into 40 Ilm coronal sections on a freezing
rotary microtome and stored in polyvinyl pirrolidine at -20°C for future analysis.
Statistical Analysis
In order to examine the interaction between prior bodyweight aQ.d feeding
regimen, behavioral data and plasma testosterone measures were analyzed by a two-
wayANOVA.
The data for the plasma LH measures were subjected to a two-way ANOVA
to analyze the between group differences. These data were additionally subjected to a
repeated measure ANaVA in an attempt to gain insight to the intra-subject
fluctuations in plasma LH levels collected the 3 time intervals. The results were
. considered significant whenp <,0.05. The collected data are reported as means
±SEM.
For each group, a simple regression model was constructed to examine the
association between the hormonal profiles and each expressed behayior. The data are
reported as the Pearson correlation coefficients in tables 1 & 2.
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Results and Discussion: Behavioral Measures
Anogenital Investigation:,
A two- way analysis ofvariance for the mean duration ofanogential
investigation showed no significant interaction between prior body weight and
feeding regimen (F (2, 24) =0.220, P= 0.80). In addition, the main effects ofthese
factors (prior body weight or fasting regimen) were not statistically significant
(F (2, 24) =0.137, P> 0.05, and F (1,24) =0.137, P=0.87 respectively).
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Figure 3. Mean (±SEM) of anogenital investigation performed by lean, medium, and
fat male hamsters that were either fasted offed ad-libitum. At the conclusion of the
48-h period ofeither fasting or ad-'libitum feeding, each hamster underwent a lO-min
testing session with a receptive female.
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Frequency of Mounts:
A two-way analysis ofvariance for the mean number of mounts showed no
significant interaction between prior body weight and feeding regimen
(F (2,24) = 1.792, P = 0.19). In addition, the main effects ofthese two factors were not
statistically different (F (2,24) = 0.08, P= 0.92, and F (1,24) = 0.918, P= 0.35
respectively).
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Figure 4. Mean (±SEM) number ofmounts performed by lean, medium, and fat
male hamsters that were either fasted of fed ad-libitum. At the cop-elusion ofthe 48-h
feeding manipulation period each hamster underwent a·lO-min testing session with a
receptive female. This behavior was recorded when a male would attempt to thrust
onto the female, but failed to penetrate the vagina.
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Frequency of Intromissions:
The two-way analysis ofvariance for mean number of intromissions showed a
significant interaction between prior body weight and fasting (F (2,24) = 5.289, P <
0.05). Fasting improved intromission frequency in fat hamsters and decreased· the
display of this behavior in lean hamsters. The main effects of th~se two variables,
however, were not statistically significant (F (2,24) = 0.799, P= 0.46, and
F (1,24) = 0.143, p= 0.71 respectively).
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Figure 5. Mean number (±SEM) of intromissions performed by lean, medium, and
fat malehamsters that were either fasted or fed ad-libitum. At the conclusion ofthe
48-h feeding manipulation phase, each hamster underwent a lO-min testing session
with a receptive female. This behavior was recorded ifvaginal penetration was
achieved.
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Frequency of Ejaculation:
A two-way analysis ofvariance did not reveal a significant interaction
between prior body weight and feeding regimen(F (2,24) = 2.274, P == 0.12). In
addition, the main effects for these factors (prior body weight or fasting regimen)
were not significant (F (2,24) = 0.183, P= 0.83, and F (1,24) = 0.508, P= 0.48,
respectively).
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Figure 6. Mean number (±SEM) of ejaculations achieved by lean, medium, and fat
J hamsters that were either fasted or fed ad-libitum. At the conclusion ofthe 48-h
feeding manipulation phase, each hamster undenvent a 10-min testing session with a
receptive female.
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Summary: Behavioral Measures
The responsiveness to fasting was dependent upon prior body weight such that
fasting improved intromission frequency iIi fat animals, and decreased intromission
\
frequency in lean hamsters. Consistent with this hypothesis, mean number of mounts
(FigUre 4) and ejaculations (Figure 6) revealed a similar general pattern, however,
these differences did not reach statistical significance.
The fat ad-libitum fed hamsters, displayed a great deal oflocomotive
sluggishness. They demonstrated a relative lack of appetitive behavior; hence their
interest in investigating the female or the exploration ofthe testing arena was limited.
The present data demonstrated that the lean ad-libitum hamsters showed
approximately 10 times the intromission frequency as the fat ad-libitum hamsters
(22.6, ±3.95 and 3.60, ±2.22 respectively). Hence, it appeared that excess body
weight in combination with an unlimited food supply might have resulted in sex
performance deficits. Furthermore, th).s deficit may have been improved by a 48-h
period of fasting.
Although the main effects of fasting were not significant for most behavioral
measures, there appeared to be a trend toward fasting-induced suppression of
behavior in the lean hamsters. For example, lean-fasted hamsters showed
approximately one-third the intromission frequency ofthe lean ad-libitum hamsters
(6.60, ±3.40 and 22.60 ±3.945 respectively). I reasoned that with a larger sample
size, the effects of fasting might approach significance.
As predicted, in the absence of mobilizable adipose reservoirs, the sex
behavior of the lean hamsters inight have been adversely affected when subjected to
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an acute food deprivation period. The collected data for the present experiment
encouraged me to replicate this experiment using lean and fat groups of male
hamsters.
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vResults and Discussion: Radioimmunoassay for Plasma Testosterone
First Plasma Testosterone Baseline:
A one-way analysis ofvariance showed no significance differences for the
baseline plasma T concentrations between the lean, medium, and fat groups
(F (2,27) = 0.0004 P = 0.99).
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Figure 7. Mean (±SEM) concentration of circulating plasma testosterone (ng/ml) 48-
h prior to the start of the food manipulation phase. Lean, medium-sized, and fat male
hamsters were briefly anesthetized with Isoflurane. Blood samples were collected via
cardiac punctures, centrifuged and stored at -20°C until radioimmunoassay was
'performed.
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Second Plasma Testosterone Baseline:
The tW9-way analysis ofvariance showed no slgnificantinteractipn between
prior body weight and feeding manipulation (F (2,24) = 2.511, P=0.10) for plasma T
concentrations following a 40 h period offasting vs. feeding. In contrast to the main
effect ofbody weight (F (2,24) = 1.076, P = 0.36), the main effect for feeding regimen
revealed a significant difference (F (1,24) =46.264, P < 0.05). Thus fasting resulted in
significantly decreased plasma T concentrations.
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Figure 8. Mean (±SEM) concentration of circulating plasma testosterone (ng/ml)
approximately 40-h after the onset of the feeding manipulation phase. Lean, medium
sized, and fat male hamsters were subjected to either a 48-h fasting or an ad-libitum
feeding schedule. Hamsters were briefly anesthetized with Isoflurane. Blood samples
were collected via cardiac punctures, centrifuged and stored at -20°C until
radioimmunoassay was performed.
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Post-Behavioral Plasma Testosterone Measures:
'I
The two-way analysis ofvariance showed no significant interaction between
prior body weight and feeding manipulation (F (2,24) = 0.308, P= 0.74) for the post-
behavioral plasma T measures. There were significant effects of prior body weight
and offeedin~ regimen on post-test plasma T concentration (F (2,24) = 3.991, P< 0.05,
and F (1,24) =22.353, P< 0.05 respectively). Both fasting and prior body weight had
negative effects on plasma T concentrations.
5
CD 4.5
c
e 4
.sS3.5
~ 3
ca
E 2.5
U)
~ 2
..
~ 1.5
t 1
a. 0.5
o '--I--'="'"
Fasted· Ad-Libitum
OLean
IIMedium
• Fat
Figure 9. Mean (±SEM) concentration ofcirculating plasma testosterone (ng/ml)
one-hour post-behavior test. Male hamsters from the following groups: Lean,
medium-sized, ~d fat hamsters were either fasted or fed ad-libitum for 48-h. At the
conclusion of the feeding manipulation phase, each hamster underwent a 10-min
behavior test with a receptive female. One-hour post-copualtion, blood samples were
collected via cardiac punctures, centrifuged and stored at -20°C until
radioimmunoassay was performed.
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Summary:· Plasma Testosterone Measures
-Prior to the beginning ofthe feeding manipulation phase, baseline levels of
plasma T did not differ significaij.tly among the groups (Figure 7). The post-mating
./
measures of plasma T concentration, however, revealed significant main effects for
prior body weight (F (2,24) = 3.991, P< 0.05) and feeding (F (1,24) = 22.353, P< 0.05)
(Figure 9). Thus both fasting and prior body weight seemed to independently
influence plasma T concentrations. Specifically, lean body composition and fasting
both had adverse effects on steroidgenisis, which is reflected in the diminishing
concentrations in plasma T (Figures 8 & 9).
Contrary to what might have been expected, the differences in plasma T
concentrations did not account for the patterns ofthe observed sex behavior for most
groups. For example, the fat-fed group had the highest plasma T concentrations
(Figures 8 and 9) yet some of the lowest sex behavior scores (Figures 4-6).
Furthermore, the lean-fed and fat-fasted hamsters displayed the highest mating test
scores and intermediate levels ofplasma T (Figures 4-6, 8 & 9). Plasma T levels
. were not correlated with the behavioral correlates of male sex behavior (Table 1) with
the exception ofthe intromission index within the fat-fasted group. Specifically, fat
fasted hamsters exhibited a significant negative relationship between plasma T
concentration and the frequency of mounting (r =- 0.90, p < 0.05). Hence lower
levels of plasma T concentrations were associated with greater intromission scores in
the fat-fasted group.
The post mating plasma T cOlicentrations were not higher than the pre-mating
pl~ma T in any of the groups (compare Figure 9 to 8).
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Results and Discussion: Radioimmunoassay for Plasma Luteinizing Hormone
No group showed a significant LH reflex following exposure to a receptive
- .. _------
female. One-way analyses ofvariance for the repeated measures showed no
, ,
significant difference within any of the groups when comparing plasma LH
concentrations at the three time intervals. 'A two-way analysis ofvariance showed no
significant interaction between prior body weight and feeding manipulation for the
. post-feeding manipulation plasma LH concentration (F (2,24) = 0.745, P =0.49). In
addition, the main effects for these two factors did not reach statistical significance.
There was a significant interaction between prior body weight and feeding regimen
and the main effects were significant for the post-copulatory plasma LH
concentrations (F (2,24) = 5.43, F (2,24) =5.07, F (1,24) =5.25, P < 0.05 respectively).
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Figure 10. Mean (±SEM) concentrations of circulating plasma LH (ng/ml) for lean,
medium, and fat hamsters. Blood samples were collected at three different intervals:
before the start of the experiment, circa 40-h into a feeding manipulation phase
(fasting vs. ad-libitum), and one hour following mating with a receptive female.
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Summary: Plasma Luteininzing Hormone Measures
None ofthe groups exhibited the "LH reflex", the increase in plasma LH
concentrations that normally occurs following exposure to a receptive female or her
vaginal secretions (Parfitt, Thompson, Richardsot;l, Romeo & Sisk, 1999). Within-
group comparisons ofplasma LH concentrations at the·3time intervals were not
significant for any ofthe groups (Figure 10). The results of the LH assay are rather
difficult to interpret since the control males, consisted·of ad-lib}tum fed animals and
did not show post-copulatory LH reflexes (Figure 10).
Between-group comparisons revealed a statistical significance for the post-
copulatory plasma LH concentrations such that the fat fed ad-libitum animals
displayed the highest levels of circulating plasma LH when compared to the other
groups. These levels, however, were far lower from what could be categorized as a
phermonally-induced LH reflex.
The differences in plasma LH concentrations did not account for the patterns
ofobserved sex behavior scores. Plasma LH concentrations were not correlated with
behavioral correlates ofmale sex behavior (Table 2).
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Results and Discussion: Tissue Analysis
Subcutaneous White Adipose Tissue:
A two-way analysis ofvariance for subcutaneous wpite adipose tissue
(SWAT) showed a significant interaction between prior body weight and feeding
regimen (F (2,24) = 4.466, P < 0.05). There was, a significant main effect of prior body
weight on the amount of SWAT (F (2,24) =65.758, P< 0.05) such that the greatest
amount of SWAT was extracted from the fat hamsters. There was no significant main
effect for the feeding regimen (F (1,24) = 3.052, P= 0.93) on the weights of SWAT.
Fasting did not result in change in body fat content.
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Figure 11. Mean (±SEM) weight for subcutaneous white adipose tissue (SWAT).
One hour post-copualtion, and shortly after the terminal blood collection, each
hamster received an intraperitoneal overdose injection of sodium pentobarbital. Prior
to perfusion, SWAT was extracted and weighed.
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Paired Testes:
Two-way analysis ofvariance for the mass of paired testes showed no
significant interaction' between prior body weight and feeding regimen
(F (2,24) = 1.795, P= 0.19). The main effects for these variables were notsignificant
(F (2,24) = 0.252, P= 0.78, and F (1,24) =,1.416, P= 0.25).
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Figure 12. Mean (±SEM) weights for paired testes. One hour post-copulation, and
shortly after the terminal blood sampling, each hamster received an intraperitoneal
overdose injection of sodium pentobarbital. Prior to perfusion, Paired testes were
extracted and weighed.
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Paired Seminal Vessicles:
The two-way analysis ofvariance for mean weight ofpaired seminal vesicles
did not show a significant interaction between prior body weight and feeding regimen
(F (2,24) = 1.710, P= 0..20).. In contrast to the main effect of feeding regimen
(F (1,24) = 3.054, P= 0.90), the main effect ofprior body weight was significant
(F (2,24) = 8.371, P< 0.05). Thus fat hamsters had the heaviest seminal vesicles.
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Figure 13. Mean (±SEM) weights for paired seminal vesicle weight. One hour post-
copulation, and shortly after the terminal blood collection, each hamster received an
intraperitoneal overdose injection ofsodium pentobarbital. Prior to perfusion, pairs
of seminal vesicles were extracted and weighed.
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Summary: Tissue Analysis
Subcutaneous white adipose tissue (SWAT) analysis revealed that the fat
hamsters had the greatest body fat content. The SWAT data confirm that the three
groups differed both in ~ody weight and body fat content. Previous results have
shown that the weight of the subcutaneous adipose tissue pad is highly correlated
with overall body adiposity (G.N. Wade personal communication). The least amount
ofSWAT pads was extracted from lean fasted males.
There was no significant interaction between prior body weight and feeding
regimen for the mean weights ofpaired testes (Figure 12). Similarly, the main effects
ofthese variables were not significant. No obvious decline in paired testes organ
mass was observed as a function offasting. Previous reports suggest that more
prolonged and chronic periods offood restriction is accompanied with testicular
regression. For example, in one study, male hamsters subjected to a 30 % reduction in
food intake for 11-f6 weeks displayed significant testicular atrophy (as measured by
the testicular dimensions) (Eskes, 1983). It is possible that the adverse effects of food
deprivation on testicular mass, becomes more pronounced under chronic or prolonged
energetic challenges. For example, in one study, a 4-day acute fasting period in male
rats resulted in significant yet relatively minor declines in testicular weight (Badger,
Lynch & Fox, 1985).
No significant interaction was found between prior body weight and feeding
regimen for the mean weights of paired seminal vesicles (Figure 13). The significant
main effect for prior body weight on the mass ofpaired seminal vesicles (F (2,24) =
8.371, P< 0.05) indicates that the fat hamsters had the heaviest paired seminal
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vesicles. As mentioned previously, it is possible that fasting-induced decline ofsex
organs becomes apparent when an animal experiences longer periods of
undernutrition. Desjardins & Blank (1985, 1984) demonstrated that a 30% decline in
food intake for 5 weeks in male deer mice was associated with significant reduction
in seminal vesicle and testes weights.
General Discussion: Experiment 2
As predicted, the reproductive behavior of the lean hamsters was diminished
by a 48-h fasting period. Contrary to our predictions, a high body fat content
appeared to have negative effects on sexual performance in hamsters fed ad-libitum
(Figures 4-6). Interestingly, the suppressive effects ofhigh body fatcontent were
reversed by short-term food depriyation. Hence, acute under-nutrition had a positive
impact on fat animals. It is possible that a high body fat content led to an overall
decrease in general activity level or arousal and that this effect was ameliorated by
fasting.
With the exception ofthe mean intromission frequency for the fat-fasted
group, which showed a significant negative correlation between intromission and
plasma T, the behavioral differences of all other groups were not mediated by
concentrations ofplasma testosterone (Table 1). This is consistent with previous data
in a variety of species showing a permissive, nonlinear effect oftestosterone on
behavior For example, one study found no significant correlation between levels of
sexual performance and the plasma concentration oftestosterone following
interaction with an estrous femalet in sexually naive and experienced male hamsters
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(Pfeiffer & Johnston, 1994). Thus it possible for male hamsters to exhibit high levels
of mating be~avior yet display no significant rise ip. plasma T concentrations and vice
versa.
We did not observe the T or LH reflexes that have been reported to occur after
exposure to receptive female conspecifics (Coquelin & Bronson, 1979; Coquelin &
Bronson, 1980; Johnston & Bronson, 1982; Marcides, Bartke, Fernandez &
D'Angelo, 1974; Parfitt, Thompson, Richardson, Romeo & Sisk, 1999; Pfeiffer &
Johnston, 1992 & 1994; Romeo, Parfitt, Richardson & Sisk, 1998). It should be·
noted however, that since males of-many species exhibit spontaneous reflexes ofT
and LH throughout the course of a day, it is possible for a baseline sample to contain
a high concentration of these hormones. Accordingly, when such a baseline sample is
compared to a post-mating sample, the true effects might become masked. In
addition, tactile exposure to a female might involve mechanisms that are more
complicated than the mere exposure to female chemosensory cues. Consistent with
this suggestion, the secretory patterns ofLH and T might differ in time course
depending on whether a hamster was allowed to interact with a receptive female, or, ~
merely exposed to chemosensory cues. In addition, it is possible that female and
pheromone-induced hormonal reflexes are observed only in hamsters from certain
colonies. Accordingly, it is possible that the stocks ofhamsters we used in the
Schneider laboratory do not show the LH reflex in response to FHVS and/or a
receptive female. The hamsters used in the Schneider laboratory are purchased from
different vendors other than those used in "post-mating/pheromone-exposure"
experiments.
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If our hamsters truly do not show the LH reflex in response to FHVS, the
results of the present experiment suggest that LH and T reflexes might not necessary
for th~ full expression of sex behavior in male Syrian hamsters.
Experiment 3: Effects of Acute Food Deprivation on Reproductive Parameters
in Male Syrian Hamsters
The trends toward effects of fasting on male mating behavior in experiment 2 led me
to replicate the experiment with an increased sample size. In addition, I made a
number of modifications to the experimental design. In contrast to previous reports
demonstrating alterations in LH and/or T levels following exposure to a female
conspecific, we failed to demonstrate post-mating LH and T reflexes in the control
animals, which consisted of ad-libitum fed fat and medium sized subjects. This might
have occurred due to the fact that the second and third blood drawings occurred at
different times ofthe day.
General Methods
Animals and Housing
Forty sexually naive male Syrian hamsters (Mesocricetus auratus) were
purchased from Charles River Laboratories (Wilmington, MA) and were singly
housed in polypropylene cages containing Beta chips (North Penn Feed). In an
attempt to avoid any potential pre-experimental exposure to female hamsters, the
males were stored in a separate room maintained at 22°C ±2 under a 14:110 light:
dark cycle ("lights on" at 0700 h, '1ights off' at 2300 h).
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Establishment ofPrior Body Weights
Following a one-week accJimation to the facility, two categories ofbody
weights were created (Lean and fat). The males assigned to the lean group (n = 16)
were fed a restricted daily ration ofPurina Rodent Chow (#5001) which maintained
their body weights between 90-95 g. Males in the fatcategory (n = 15) consisted of
subjects that were fed an ad-libitum regimen ofpowdered Purina Rodent Chow and
allowed to reach a body weight between 130-145 g. The time required for the fat
group to reachtheir ideal weight was 3 months, which was unusually longer than had
been predicted based on previous weight·gain patterns for our male hamsters (4-6
weeks). In addition, nine hamsters were excluded from this study because some of
them failed to reach their ideal weight during a reasonable time frame, thus resulting
inN=31.
Experimental Design
All experimental procedures described in this project, wer~ conducted
according to the guidelines established by Lehigh University Institutional Animal
Care (IACUC) and the National Institutes for Health Guidelines for the Care and Use
ofExperimental Animals. Every effort was made to minimize the suffering and
discomfort of the animals.
Food Allotment
Prior to the start of the experiment, animals of each weight category were
randomly assigned to either the 48-h fasted group (N =20) or an ad-libitum group
(N = 20). Thus the group design appeared as follows:
Lean-Fasted (n = 8)
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Lean-Ad-libitum (n =8)
Fat-Fasted (n = 7)
Fat-Ad-libitum (n =8).
Transportation ofthe animals to the testing facility occurred 72 h prior to the
start of the experiment.
Blood Collection:
Blood samples ;were obtained via cardiac punctures. Approximately 250 ]11 of
plasma per animal was collected during each drawing interval. This allowed us to run
duplicate assays for the two hormones of interest. Hamsters were briefly anesthetized
\
in a chamber containing Isoflurane (or sodium pentobarbital for the terminal
drawings), blood samples were collected in heparin rinsed tubes, centrifuged, and
stored at -20°C until radioimmunoassay for LH and T were performed (Jane Vernier,
Michigan State University). The sampling schedule was a following:
First Baseline: Blood was sampled 48 h prior to the start ofthe experiment at
2300 h. This provided plasma concentrations ofLH and T for each animal
prior to the ~8-h food manipulation period.
Second Baseline: Blood was sampled approximately 45 h post food regimen
manipulation at 2200 h. These measures provided insight on LH and T levels
when an animal is subjected to acute food deprivation.
Post-copulation Measures: Blood was sampled 1 hour following the mating'
tests starting at 2300 h. These samples allowed us to assess any potential
adverse effect of food deprivation on the post-copulatory LH and T reflexes.
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The lower limit of detectability ofthe assay was 0.8 ng/m1. Theintraassay coefficient
ofvariation was 9.6%.
Stimulus Females:
Fourteen adult female Syrian hamsters (120-130 g) were purchased from
Charles River Breeding Laboratories (Wilmington, MA) and were singly housed in
polypropylene cages with ad-libitum access to food and water, and stored in a room
maintained at 22°C ±2 degrees under a 14: 10 light: dark cycle ("lights on" at 0700 h,
"lights off' at 2300 h) (According to the procedures described in experiment 2).
Ovariectomies:
All surgical procedures occurred under aseptic conditions as described in
experiment 2.
Steroid treatment:
Sexual receptivity in the stimulus female was induced as described the
methodology section in experiment 2.
Behavioral Tests:
The mating tests began one hour prior to the onset of the dark phase (2100 h)
as described in experiment 2.
Tissue Collection and Perfusions:
One hour following the completion ofthe mating test, a terminal blood sample
was collected via cardiac puncture as described in the methodology section of
experiment 2.
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Statistical Analysis
All data were analyzed and reported as described in Experiment 2. The
associations between the hormonal profiles and each expressed behavior data are
reported as the Pearson correlation coefficients and were considered significant when
p < 0.05 (Tables 3 & 4).
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Results and Discussion: Behavioral Measures
Anogenital Investigation:
Atwo-way analysis ofvariance for the mean of duration ofanogenital
investigation showed no significant interaction between prior body weight and .
feeding regimen (F (1,27) = 0.139, P= 0.71). In addition, the main effects of these two
factors were not statistically significant (F (1,27) =0.034, P=0.85, and F (1,27) =0.292,
p = 0.59 respectively).
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Figure 14. Mean (±SEM) of anogenital investigation performed by lean and fat
male hamsters that were either fasted or fed ad-libitum. At the conclusion of a 48 h
period of either fasting ofad-libitum feeding, each hamster underwent a 10-min
testing session with a receptive female.
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Frequency of Mounts:
A two-way analysis ofvariance for the mean number of mounts showed no
significant interaction between prior body weight and feeding regimen
(F (1,27) = 0.006, P=0.939). In addition, the main effects ofthese two factors were
not statistically different.(F (1,27) = 0.154, P = 0.70 and F (1,27) = 0.154, P= 0.70
respectively).
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Figure 15. Mean and ±SEM of mounts performed by lean and fat male hamsters
that were either fasted of fed ad-libitum. At the conclusion ofthe 48 h period of
either fasting or ad-libitum feeding, each hamster underwent a 10-min testing session
with a receptive female. This behavior was recorded when a male would attempt to.
thrust onto a female but failed to penetrate the vagina.
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Frequency of Intromissions:
The two-way analysis ofvariance for mean number of intromissions showed
no significant interaction between prior body weight and feeding regimen
(F (1,27) = 0.080, P= 0.78). Inaddition, the main effects of these two factors were not
statistically different (F (1,27) =0.60, P = 0.81 and F (1,27) =0.060, P=0.81
respectively).
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Figure 16. Mean (±SEM) number of intromissions performed by lean and fat male
hamsters that were either fasted or fed ad-libitum. At the conclusion of the 48 h
period of either fasting or ad-libitum feeding, each hamster underwent a 10-minute
testing session with a receptive female. This behavior was recorded ifvaginal
penetration was achieved.
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Frequency of Ejaculation:
A two-way analysis ofvariance did not reveal a significant interaction
between prior body weight and feeding regimen (F (1,27) =0.028, P= 0.87). In
addition, the main effe~ts of these factors were not statistically significant
(F (1,27) = 0.55, P = 0.47, and F (1,27) = OJ 1, P= 0.58 respectively).
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Figure 17. Mean and ±SEM of ejaculations achieved by lean and fat male hamsters
that were either fasted or fed ad-libitum. At the conclusion ofa 48-h period of either
fasting or ad-libitum feeding, each hamster underwent a 10-min testing session with a
receptive female .
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Summary: Behavioral Measures
The two-way analysis ofvariance showed no significant main effects or
interactions between the groups for any of the recorded behavioral measures (Figures
14-17). Based on the results obtained in experiment 2, I had proposed that an acute
. .
food deprivation period might impair the expression of male-typical sex behavior. I
had further hypothesized that the potential aversive effects of fasting would be
exaggerated in lean fasted hamsters due to their pre-existing diminished levels of
body adipose reservoirs. In this experiment, however, I did not observe any
differences between the groups. The results ofthis experiment differ from those of
experiment 2 where I demonstrated a trend where responsiveness to fasting was
dependent upon prior body weights.(Figures 4-7). The present experiment suggests
that male hamsters differ from females in the interaction between prior body weight
and fasting. In females, the effects of fasting on lordosis are exaggerated in lean
hamsters while fat female hamsters are relatively resistant to this type of fuel
manipulation (Schneider &- Wade, 1989).
The differences in outcome between experiments 1 and 2, however, might be
explained by the body fat content data (Figures 11 & 22). Previous results have
6
shown that the weight of the subcutaneous adipose tissue (SWAT) pad is strongly
t'
correlated with overall body adiposity (G. N. Wade personal communication). In
experiment 2, the SWAT data confirmed that the three weight groups (lean, medium-
sized and fat) differed in body fat content. For example, the lean fasted males had the
lowest SWAT weights and the fat hamsters had the greatest a~ount of SWAT. In
experiment 3, however, the hamsters that were categorized into the "lean group"
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.,
based on their body weight, had SWAT weights (Figure 22) that were comparable to .
the medium males in experiment 2 (Figure 11). Thus during the extended time period
(3 months) which was needed for the fat group to reach ideal weight (130-140 g), the
lean-food restricted group might have altered their feeding efficiency, which allowed
them to gain body fat, while remaining at a low body mass.
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Results and Discussion: Radioimmunoassay for Plasma Testosterone
First Plasma Testosterone Baseline:
" A one-way analysis ofvariance for the first baseline plasma T concentrations
revealed significant difference in baseline plasma T concentrations between the lean
and the fat groups (F (1,29) = 5.96, P< 0.05). Thus animals with higher body weights,
displayed a higher concentration ofcirculating T compared to the lean hamsters.
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Figure 18. Mean (±SEM) concentration of circulating plasma testosterone (ng/ml)
48-h prior to the start of the food manipulation phase. Lean and fat hamsters were
briefly anesthesized with Isoflurane. Blood samples were collected via cardiac
punctures and stored at -20°C until radioimmunoassay was performed.
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Second Plasma Testosterone Baseline:
The two-way analysis ofvariance showed no significant interaction between
prior body weight and feeding manipulation (F (1,27) = 1.44, P =0.24) for plasma T
concentration following a 45 h period of fasting vs. feeding. There were significant
main effects of prior body weight and of feeding regimen (F (1,27):;= 58.8, p < 0.05,
and F (1,27) = 10.45, P < 0.05 respectively).
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Figure 19. Mean concentration of circulating plasma testosterone (ng/ml)
approximately 46-h after the onset ofthe feeding manipulation phase. Lean and fat
hamsters were eitherJed fasted of fed ad-libitum. Hamsters were briefly anesthetized
with Isoflurane.Blood samples were collected via cardiac punctures, centrifuged and
stored at -20°C until radioimmunoassay was performed.
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Post-Behavioral Plasma Testosterone Measures:
A two-way analysis ofvariance showed no significant interaction between
prior body weight and feeding regimen for post-mating plasmatestosterone
concentrations (F (1,27) = 2.03, P = 0.17). In contrast to the main effect of feeding
regimen (F (1,27) = 0.75, P=0.40), the main effect of prior body weight was significant
(F (1,27)= 16.6, P< 0.05). Hence animals with a greater body weight displayed
greater levels of circulating plasma T one hour post-mating.
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Figure 20. Mean (±SEM) concentration of circulating plasma T (nglml) one-hour
post-behavior test. Lean and fat hamsters were either fasted or fed ad-libitum. At the
conclusion ofthe feeding manipulation phase, each hamster underwent a 10-min
behavior te.st with a receptive female. One-hour post-copulation, blood samples were
collected via cardiac punctures, centrifuged and stored at -20°C until
,radioimmunoassay was performed.
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Summary: Plasma Testosterone Measures
Prior to the start of the experiment, a higher body weight resulted in higher
concentrations of circulating plasma testosterone (Figure 18).
A two-way analysis ofvariance conducted on the second baseline plasma T
concentration did not reveal a significant interaction between prior body weight and
feeding regimen. The main effects of these variables, however,. were significant
(F (1,27) = 58.8, and F (1,27) = 10.45, P < 0.05 respectively). Accordingly, fat hamsters
exhibited the greatest concentrations ofcirculating T (regardless of feeding regimen).
In addition, animals (fat and lean) that experienced acute food deprivation had
significantly diminished circulating plasma T levels. Furthermore, the plasma T
levels for the lean fasted group appeared to be most adversely affected.
Analysis ofthe post-behavior circulating T concentration showed no
significant interaction between prior body weight and feeding regimen. The main
effect ofbody weight revealed significant differences (F (1,27) = 16.6, P < 0.05).
Thus, animals with a greater body weight exhibited greater concentrations ofplasma
T one hour post-mating.
Contrary to what might have been expected, the differences in plasma T
concentrations did not account for the patterns of observed sex behavior (Figures 14-
17 & Figure 20). Plasma T concentrations were not correlated with the behavioral
correlates of male sex behavior (Table 3).
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Results and Discussion: Radioimmunoasay for Plasma Luteinizing Hormone
One-way analysis of variance for plasma LH concentrations for the within
group repeated measures was significant for the lean fasted group, lean ad-libitum fed
group, and fat fasted group (F (2, 14) = 13.85, F (2, 14) =6.95, and F (2, 12) =3.96, P <
0.05 respectively). A one-way analysis ofvariance showed no significant difference
between the groups for the baseline plasma LH measures. There was a significant
interaction between prior body weight and feeding regimen following the feeding
mariipulation phase (F (1,27) = 7.55, P< 0.05). In addition, the main effect of body
weight showed significant differences for this LH meaSure (F (1,27) = 35.48, P < 0.05).
Finally, no significant interaction was found between these two variables for the post-
~
mating LH measure. The main effects however were significant (F (1,27) = 12.14, and
F (1,27) = 4.73, P< 0.05 respectively).
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Figure 21. Mean concentrations (±SEM) ofpost-mating circulating plasma LH
(ng/ml) for lean and fat hamsters that were either fasted or fed ad-libitum.
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Summary: Plasma Luteinizing Hormone Measures
The general pattern appears to suggest a suppression of circulating plasma LH
sampled post-feeding manipulation and post-behavioral test, an effect that was mostly
pronounced in the lean group. Although the repeated measure for the fat ad-libitum
fed group (control group) did not reach statistical significance, the trend suggests an
elevation of plasma LH concentration post-mating. Furthermore, plasma LH
concentrations were not correlated with the behavioral indices of male sexual
behavior (Table 3).
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Results and Discussion: Tissue Analysis
Subcutaneous White Adipose Tissue:
The two-way analysis ofvariance f~r subcutaneous white adipose tissue
(SWAT) showed no significant interaction between prior body weight and feeding
regimen (F (1,27) = 1.84, P = 0.19). There were significant main effects ofprior body
weight and of feeding regimen (F (1,27) = 113.4, P< 0.05, and F (1,27) = 3.89, P< 0.05
respectively). We noted that the lean group in this experiment had body fat levels
comparable to the medium group in experiment 2. This occurred despite similar body
weights in the lean groups ofexperiments 2 and 3.
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Figure 22. Mean (±SEM) weight for subcutaneous white adipose tissue (SWAT).
One hour post-copulation, and shortly after the terminal blood collection, each
hamster received an intraperitoneal overdose injection of sodium pentobarbital. Prior
to perfusion, SWAT was extracted and weighed.
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Paired Testes:
The two-way analysis ofvariance for the weights ofpaired testes showed no
significant interaction between prior body weight and feeding regimen (F (1,27) = 1.76,
p = 0.1964). In contrast to the main effect offeed~ regimen (F (1,27) = 1.98,
P=0.17), the main effect of prior body Weig~e~led a significant difference
(F (1,27) = 10.05, P< 0.05).
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Figure 23. Mean (±SEM) weights for paired testes. One hour post-copulation, and
shortly after the terminal blood sampling, each hamster received an intraperetoneal
overdose injection of sodium pentobarbital. Prior to perfusion, paired testes were
extracted and weighed.
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Paired Seminal Vesicles:
A two-way analysis ofvariance for the mass paired seminal vesicles showed
no significant interaction between prior body weight and feeding regimen
(F (1,27) = 1.84, P= 0.186). In contrast to the main effect of feeding regimen
(F (1,27) =0.007, P= 0.93), the main effect ofprior body weight revealed a statistical .
significance(F (1,27) = 51.44, P< 0.05).
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Figure 24. Mean (±SEM) ofpaired seminal vesicle weight. One hour post-
copulation, and shortly after the terminal blood collection, each hamster received an
intraperitoneal overdose injection of sodium pentobarbital. Prior to perfusion, pairs
ofseminal vesicles were removed and weighed.
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Summary: Tissue Analysis
The two-way analysis ofvariance, showed no significant interaction between
prior body weight and feeding regimen for the subcutaneous white adipose tissue pad
weights (Figure·22). In addition, the main effects ofthesefactors were not significant.
\
As mentioned previously, the differences in behavioral outcomes between
experiments 1 and 2 could b,e explained by the body fat content data (Figures 11 &
22). Previous resUlts have shown that the weight of the subcutaneous adipose tissue
(SWAT) pad is significantly correlated with overall body adiposity. In experiment 2,
the SWAT data confirmed that the three...weight groups (lean, medium-sized and fat)
t~
differed in body fat content. For example, the lean fasted males had the lowest SWAT
weights. In experiment 3, however, the hamsters that were categorized into the "lean
group" based on their body weights, had SWAT weights (Figure 22) that were
comparable to the medium males in experiment 2 (Figure 11). Thus, these "lean"
(according to body weight) hamsters were unexpectedly fatter, and most likely
buffered from the potential aversive effects of fasting on mating behavior. The
increase in body fat in th~se lean hamsters in the present experiment might have
occurred because it took months longer for the fat hamsters to reach their ideal
weight. Hence this waiting period resulted in a chronic extended food restriction
phase for the lean hamsters (since the fat hamsters had to reach their target weight
before the experimen.t could begin). This extension in food restriction ofthe lean
hamsters might have been accompanied by an increase in feeding efficiency resulting
in a body fat content that was higher than expected. If these hamsters were indeed
.-
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more energetically efficient, then this might explain why their reproductive behavior
was not influenced by fasting.
Consistent with the results of experiment 2, no significant interaction was
found between prior body weight and feeding regimen for the mean weights of paired
testes. The main effect of prior body weight, however, was significant for this
measure. Specifically, the fat hamsters had the heaviest testes.
Similarly consistent with the data of experiment 2, the interaction between prior body
weight and feeding regimen was not significant for the mean weight ofpaired seminal
vesicles. The significant main effect for prior body weight (F (1,27) = 51.44, P< 0.05)
indicates that the fat hamsters had the heaviest seminal vesicles. Previous reports
suggestthat more prolonged and chronic periods of food restriction is accompanied
with testicular regression. For example, in one study, male hamsters subjected to a 30
%reduction in food intake for 11-16 weeks displayed significant testicular atrophy
(as measured by the testicular dimensions) (Eskes, 1983). It is possible that the
adverse effects of food deprivation on testicular mass, becomes more pronounced
under mor~ severe chronic or prolonged energetic challenges. For example, in one
study, a 4-day acute fasting period in male rats resulted in significant yet relatively
minor declines in testicular weight (Badger, Lynch & Fox, 1985). Similarly,
Desjardins & Blank (1984 & 1985) demonstrated that a 30% decline in food intake
for 5 weeks in male deer mice was associated with significant reduction in paired
seminal vesicle weights and testes.
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General Discussion
Collective research indicates that energetic challenges such as food
deprivation, suppress gonadotropin and gonadal steroid secretion in males and
females of many species. In ~ales, fasting-induced suppression of circulating
gonadotropins and testicular steroids has been reported in sheep, rats, rodents and
hum,ans (Badger, Lynch &Fox, 1985; Blank & Desjardins, 1985; Bergendahl,
Perheentupa & Huhtaniemi, 1~91; Cameron, Weltzin, McConaha, Helmreich &
Kaye, 1991; Cameron &Nos~ish, 1991; Dong, Bergendahl, Huhtaniemi &
Handelsman, 1994; Hoffer, Beitins, Kyung &Bistrian, 1985; Howland & Skinner,
1973; Klibanski, Beitins, Badger, Little & McArthur, 1981; Pirke & Spyra, 1981;
Root &Russ, 1972; Schreihofer, Parfitt & Cameron, 1993). These hormonal
secretory deficits have often been reported to accompany atrophy in sexual organs
and, might be expected to cause deficits in the expression of sex behavior (Blank &
Desjardins, 1984 &1985; Badger, Lynch & Fox, 1985; Eskes, 1983).
Consistent with the available literature on female Syrian hamsters (Morin,
1986; Schneider & Wade 1989; Schneider & Wade 1990, reviewed in Schneider,
Zhou &Blum, 2000), I proposed that a 48-h period offood deprivation in male
hamsters could impair the full expression ofmale typical sexual behavior by altering
either sex hormones or neural responsiveness to hormones. Furthermore, I proposed
that these potential suppressive effects would be more pronounced in energetically
challenged lean hamsters. For example, lean female hamsters that experience a 48-h
phasic starvation period, fail to exhibit lordosis on the evening of day 4 ofthe estrous
cycle (this period corresponds to the'time in the cycle when under normal conditions,
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a female displays sexual receptivity toward a stud in a testing arena) (Schneider &
Wade, 1990). Thus I tested the idea that male sex behavior would be inhibited by the
same metabolic challenge
In experiment 2, there appeared to be a trend toward decreased male-typical
sex behavior in the lean fasted, but not fat fasted hamsters (Figures 4-7). When the
experiment was replicated, however, neither lean nor fat hamsters responded to a 48-h
fast by decreasing their sex behavior (Figures 14-17).
The lack of effect in experiment 3 is most likely due to the unexpectedly high
body fat levels ofthe lean hamsters in this replicate. Body fat levels ofthe lean
hamsters in experiment 2 were 0.3±0.05 g (Figure 11). The lean hamsters in
experiment 3, however, had body fat levels of 0.7 ±0.2 (Figure 22). The body fat
contents ofthe lean hamsters in experiment 3 were more similar to those ofthe
medium weight hamsters in experiment 2. As demonstrated in experiment 2,
medium-sized hamsters were virtually unaffected by a 48-h fast.
It is important to note that the male subjects in experiment 3 displayed
unusual patterns ofweight gain prior to the start of the experiment. For example, the
males that were assigned to the "fat group" reached their ideal weight (130-135 g)
approximately 3 months after their arrival from Charles River Laboratory
(Wilmington, MA) to our facility (compared to 5 weeks in experiment 2). This could
suggest that male hamsters are prone to a high degree of inter and intra subject
variability in the context of their metabolic efficiency.
In lean female hamsters, a 48-h phasic starvation period results in anovulation
and anestrous, while males appear to show only a trend toward behavioral deficits
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(experiment 2) or are relatively unaffected (experiment 3) when subjected to the same
energetic challenge.
Longer periods offasting might be necessary to observe consistent
interruption ofthe full expression of male typical behavior. For example, Nagatani
(2000) subjected male hamsters to a 4-day food det>rivation period. He observed that
male typical behaviors such as anogenital investigation, mounting, intromission, and
ejaculation, were significantly diminished following a 4-day fasting phase when
compared to the control ad-libitum fed males. This fasting induced arrest of sex
behavior was completely reversed following a 2-day re-feeding period (Nagatani,
2000). These findings are consistent with reports demonstrating that re-feeding of
starved male rats reverses fasting-induced impairment of reproductive function
(Howland, 1974). The current Animal Use protocols approved for the Schneider
,laboratory do not include a 4 day fast. Thus,animal care guidelines did not allow me
to subject the animals to longer periods of fasting.
Female hamster sex behavior (display of lordosis) will under normal
circumstances result in pregnancy and subsequently lactation, both ofwhich are
considered highly energetically demanding. The energetic demands imposed on a
male hamster (such as territorial behavior and appetitive behavior) in his natural
habitat might be expected to be less intense of that of a female. Males might achieve
mating success even under extreme metabolic challenges, provided that the female he
mates with has ample energy intake and reserves. Thus it is possible that male
hamster reproductive system that controls the expression ofbehavior is only
responsive to extreme energetic challenges.
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Previous data demonstrated that mate hamsters exhibited reflex-like elevations
in circulating plasma T when exposed to a receptive female and/or mere vaginal
secretions (Marcides, Bartke, Fernandez & D'Angelo, 1974; Parfitt, Thompson,
. Richardson, Romeo & Sisk, 1999; Peiffer & Johnston, 1992 & 1994; Romeo, Parfitt,
Richardson & Sisk, 1998). Furthermore, inadequate food availability is believed to
result in Leydig cell dysfunction as is reflected in the diminishing concentration in
plasma T. Accordingly I hypothesized that a 48-h food deprivation period would lead
a cascade ofneuroendocrine alternations, which could ultimately result in the
suppression ofT concentrations. Furthermore, this general decline would
/ additionally translate into the absence of post-mating T reflexes; an effect that would
be especially pronounced in lean energeticany challenged males. Although, the
present experiment found no significant interactions between prior body weight and
feeding regimen for any of the three-point plasma collection intervals (Figures 19 &
20), the general trend suggested that the fasting-induced suppression ofT was
enhanced in lean males. Fat hamsters, whether fasted or fed ad-libitum, exhibited the
greatest levels of circulating plasma T throughout the collection times. I failed to
observe post-copulatory reflexes in the control males (fat ad-libitum fed males)
(Figure 20). Thus the idea that fasting inhibited these reflexes could not be tested. It
remains unknown why the hamsters in my experiment failed to exhibit these
pheromone-induced T reflexes. Ifour hamsters truly do not produce hormonal
reflexes when exposed to receptive female and/or her chemosensory cues, then it can
be suggested that these hormonal reflexes are not necessary to induce the expression
offull mating behavior.
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Several other studies allowed the males to interact with a receptive female for
30 minutes or until sexual satiation was accomplished (Wood & Newman, 1995). It
is possible that I might have observed the previously reported robust mating irtduced
T-reflexes in the control animals if they were allocate more than 10 minutes with a
receptive female.
As discussed previously, collective data in human~ and laboratory animals
suggest that the GnRH pulse generator located in the hypothalamus is the neural site
that mediates the suppressing effects of fasting on the pituitary-testicular function.
Laboratory and clinical data suggests that the disruptive property ofmalnourishment
translates into a decline ofpulsatile GnRH release as is reflected in diminishing
circulating plasma LH concentrations (Bergendahl, Perheentupa & Huhtaniemi, 1989;
Dong, Bergendahl, Huhtaniemi, Handelsman, 1994; Hoffer, Beitins, Kyung &
Bistrian, 1986; Lee, Wallin, Kaplowitz, Burkhartmeiser, Kane & Lewis, 1977;
Klibanski, Beitins, Badger, Little & McArthur, 1981; Rodjmark, 1987; Schreihofer,
Parfitt & Cameron, 1993; Smith, Chherti, Johanson, Radfar & Migeon, 1975).
Consistent with these data, I proposed that a 48-h fasting period would result in the
general suppression of circulating plasma LH that would be particularly evident in the
lean male hamsters. In addition, the widely reported post-copulatory LH surge-like
secretory patterns Will not be observed in energetically deficient lean hamsters. In the
present experiment within-group comparisons for plasma LH measures collected at
the three point intervals did show a significant suppression within the lean-fasted,
lean ad-libitum, and fat-fasted groups (Figure 21). Furthermore, the plasma LH
concentrations ofthe lean fasted males were most aversely affected by food
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deprivation. Although, the control animals (fat, fed ad-libitum) failed to display the
commonly observed post-mating LH peaks, there appeared to be a trend ofplasma
LH elevation for this group of males.
,It is important to note due to the highly irregularand intermittent discharge <
patterns ofthese hormones, frequent sampling ofLH and t might be necessary in
order to capture the great inter and intra-variation ofhormone profiles in animals. I
did not employ indwelling vascular cannulas, which would allow for frequent blood
sampling. The conclusions in my experiments were based on mean serum hormone
levels collected at 3 intervals. It is possible, for example, that I obtained post-
copulatory plasma' LH and or/T samples when these potential peaks were on their
way down. Similarly, in experiment 1, the unusually high levels ofbaseline plasma
LH concentrations in the blank cotton swab group could have been sampled when an
animal was experiencing a peak in plasma LH concentrations. This is relatively
unlikely, however, since other investigators have observed both T and LH reflexes
using identical methods ofblood sampling at the same time intervals used in my
experiment (Parfitt, Thompson, Richardson, Romeo & Sisk, 1999).
In summary, these experiment demonstrate that male sex behavior is
susceptible to the effects of food deprivation after severe depletion ofbody fat stores.
These results are bolstered by recent evidence demonstrating that mating behavior is
abolished in male Syrian hamsters fasted for four days (two days longer than the
fasting period in my experiment) (Nagatani, 2000). Furthermore, mating behavior,
LH and T secretion are buffered by a high body fat content during metabolic
challenges. Thus hamsters with a low body fat content in experiment 2 were more
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adversely affected by fasting than hamsters in experiment 3, which displayed a higher
body fat, content.
An unexpected outcome of these experiments was the decreased male sex
behavior in the fat ad-libitium fed males (which displayed the highest plasma T
concentrations). Even more curious is the fact that behavior and the excess plasma T
-
concentrations appeared to be reversed by fa~ting. If these results can be replicated it
would·be interesting to see whether theeffectsof obesity could be mimick~)y
excess Tor by anabolic steroid treatment"andwhether they could be reversed by
short-termcastration or by drugs that s~imulate the sympathetic nervous system.
It is possible that the adipose tissue derived protein, leptin, might mediate
some ofthe behavioral effects observed in these experiments. This protein is encoded
by the ob (obsese) gene and is one ofthe relatively recently discovered potential
hormonal signals that may play regulatory roles ortseveral physiological functions.
Experimental and clinical studies,suggests that leptin might exert influence on several
physiological function including fertility, energy expenditure and food intake
(reviewed in Stephens & Caro, 1998; reviewed in Schneider, Zhou &Blum, 2000).
Leptin is predominantly synthesized by the white adipose tissue cells and in certain
species, plasma concentrations ofthis hormone correlates positively with body fat
content (reviewed in Schneider, Zhou & ~hi11l,'2000). In the context of reproduction,
the stimulatory effects of exogenous leptin have been demonstrated in numerous
•
studies. For example, systemic administration ofleptiriteverses'fasting-induced
arrest offemale hamster reproductive functioris'(Schneider, Goldman, tang & Bean,
1998). Similarly, central administration ofexogenous leptin reverses fasting-induced
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suppression anestrus in female hamsters (Schneider, Zhou, Friedman & Ji, 1998).
Nagatani (2000) demonstrated that intracerebroventricular delivery of exogenous
leptin for 24 h completely reversed the aversive effects ofa 4- day fasting in male
hamster sexual performance.
Conversely, chronically high leptin levels might lead to leptin resistance in
obese hamsters, which could be accompanied by reproductive deficits. Clinical
studies suggest that obesity is associated with reproductive dysfunction, despite the
relatively high levels of plasma leptin in obese individuals (Stephens & Caro, 1998).
It had. been suggested that perhaps, some clinically obese humans might be resistant
to endogenous leptin. Hence, despite their elevated plasma levels ofleptin, they
. experience.impairments oftheir reproductive function.
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Correlation of Post-mating Plasma Hormonal Profiles and the Expression of
Sexual Behavior
Lean Fast Lean Ad-lib Merl. Fast Med. Ad-lib Fat Fast Fat Ad-lib
AGI 0.16 0030 0.23 0037 0.58 - 0.21
Mount - 0.04 -0.77 - 0.51 0.85 -0030 - 0.62
Intromission 0.25 - 0.11 - 0.21 0.52 ,- 0.90* - 0.09
Ejacualtion 0.20 0.40 0.10 0.63 - 0.69 - 0.09
*p <0.05
Table 1. Within each group, a simple regression model was constructed to examine
the association between plasma testosterone profile and each expressed behavior.
. The data are reported as Pearson correlation coefficients. The only significant
correlation was found within the fat-fasted group between plasma T concentrations
and frequency of intromission.
Lean Fast Lean Ad-lib Med. Fast Med. Ad-lib Fat Fast Fat Ad-lib
AGI - 0.59 0.00 -0.31 -0.45 0.00 - 0.61
Mount - 0.62 0.00 '0.43 0.56 0.00 - 0.77
Intromission -0.49 0.00 0.10 0.29 0.00 -0037
Ejacualtion -0.47 0.00 0.21 0.21 0.00 -0.48
Table 2. Within each group, a simple regression model was constructed to examine
the association between plasma LH profile and each expressed behavior. The data are
reported as Pearson correlation coefficients. No significant correlations were found
for any groups.
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Correlations of Post-mating Plasma Hormonal Profiles and the expressiol:l of
sexual Behavior
Lean Fast Lean Ad-lib Fat Fast Fat Ad-lib
AGI 0.09 0.25 0.19 -0.17
Mount -0.40 0.35 - 0.16 -0.40
Intromission 0.31 - 0.63 0.26 -0.43
Ejacualtion 0.24 - 0.77 0.39 - 0.65
Table 3. Within each group, a simple regression model was constructed to examine
the association betweeri plasma testosterone profiles and each expressed behavior.
The data are reported as Pearson correlation coefficients. None ofthe correlations
were significant.
Lean Fast Lean Ad-lib Fat Fast Fat Ad-lib
AGI 0.09 0.25 0.19 - 0.17
Mount -0.40 0.35 - 0.16 -0.40
Intromission 0.31 - 0.63 0.26 -0.43
Ejaculation 0.24 - 0.77 0.39 - 0.65
Table 4. Within each group, a simple regression model was constructed to examine
the association between plasma LH profiles and each expressed behavior. The data
are reported as Pearson corr~lation coefficients. None ofthe correlations were
significant.
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